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PREFACE 


Transition metal ion complexes have been widely studied 
to understand the basic processes of coordination chemistry viz. 
formation, dissociation, exchange and hydrolysis etc. NickeKlI) 
stands in about the same relation to labile cortplexes as Co (III) 
does to inert complexes. The study of Nickel ( II) complexes has 
played an important role in understanding the replacement 
mechanisms. There is no interference from oxidation or reduction 
and nickel is the least reactive amongst metals forming labile 

O 

complexes due to its d configuration. Replacement of bidentate 
or polydentate ligands from the coordination sphere of nickel (II) 
by other multidentate or monodentate ligands and effect of 
presence of other ions viz. [ or [OH“*y and effect of tempera- 
ture on the lability of outgoing ligand provides good insight 
into the elementary steps of exchange reactions. Some binuclear 
conplexes, where metal atoms are linked through ligand bridges 
also offer interesting oppurtunity to understand their dissocia* 
ticai behaviour and the effect of nature and stereochemical 
disposition of ligands on their dissociation rates. 

The thesis consists of seven chapters of which the first 
is introductory and the following four are devoted to the various 
Investigations carried out on the ligand substitution reactions 
of some mono, bis and binuclear cortplexes of Nickel (ll) with 
amlnocarboxylates and polyamines. 

The sixth chapter describes extensicxi of these studies 
to the reaction of ethylenediamine tetraacetato (hydroxo) - 
ferrate(III) ion with cyanide ion* The seventh chapter gives 



a summary of the work and the scope for the further 
investigations. 

The first chapter is introductory. It gives a critical 
review of the current knowledge about ligand substitution 
reactions of metal complexes in general and nickel complexes in 
particular. vSome space is devoted to formation and dissociation 
of ternary complexes and also to solvent effects. 

The second chapter deals with the reaction behaviour of 

binuclear nickel(Il) complex viz Ni 2 EGTA with cyanide ion. 

Although a considerable amount of data is nov; available on the 

reaction of mono^minocarboxylato)nickel(II)cc(mplexes but binuclear 

complexes of nickel (II) have attracted little attention in 

kinetic studies. The conditions used for this reaction were 

pH at 11,0 +0.1# I » O.lM and tenp. = 25°C. The forward reaction 

was carried out in presence of large excess of cyanide ions, 

A plot of log (rate constant) vs log [cnJ^ showed a zero order. 

dependence in cyanide at low concentrations while a first order 

dependence at higher concentration level of cyanide. .The back- 

ward reaction is first order in Ni(GN)^ as well as in EGTA and 

inverse first order in free cyanide. On the basis of esperimental 

observations it was Inferred that the initial part of the forward 

reaction proceeds by two paths# first a slow dissociation of Ni 2 L 

' 24 * 

to give NiL and Ni^^gj and a fast cyanide assisted dissociation 
of Ni 2 L to give NiL(CN)^ and (xa2) . The subsequent steps 

are the same as for reactions of mononuclear complexes with 



cyanide. The over all mechanistic scheme can be represented as 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

The activation parameters nicely support this mechanism. 

An analysis of the pH dependence of forward rate makes it possible 
to resolve the rate constants due to cn” and HCN which is also a 
reactant below pH 9. A correlation between the dissociation rate 
constantsk^ial- and the overall stability constants ^ has been 

attempted# where L is TTHA# DTP A and EGTA, 

The results of the reaction between bis corrplexes of 
nickel# NiL 2 (where L is diethylene triamine or ethylene diamine)# 
with cyanide ion form the siibject matter of chapter three. The 
bis complexes are not converted directly to Ni(CN) ^ # but first 
lose one ligand molecule and cyanide ion assists this loss. The 
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mechanism of later part of reaction is same as for reactions of 
mononuclear conplexes with cyanide. The temperature dependence 
studies support this hypothesis and pH effect suggests that HCN 
is also a reactant below pH 9,: 

In the fourth chapter of the thesis results of kinetics of 
formation of aminocarboxylato nickel(II) from Ni(trien) chelate 
are presented# where amino carboxyl at es used are HEEDTA (hydroxy-* 
Gthyl-ethylene diamine triacetic acid) and DTPA (Diethylene- 
triamine penta acetic acid) . The reaction was followed by the 
cyanide quenching method. The conditions of experiment were 
same as given in chapters 2 and 3, The reaction is first order 
each in Ni CTrier^^"^ and in (HEEDTA or DTPA) and is found to be 

strongly dependent upon hydrogen ion concentration. The rate of 
reaction first decreases with an increase of pH# passes through 
a minimum at pH 8 and again increases. This behaviour has been 
explained on the basis of reactivities of protonated and hydroxo 
species of Ni Trien and protonated forms of A ten step 

reaction mechanism has been proposed consistent, with', the -experi- 
mental observations and the rate determining step has been 
identified.. 

The fifth chapter deals with the kinetics of ligand ' 
substitution reactions of polyamine nickel (II) chelates with 
p ar# 4- ( 2-Pyridyl azo)resorinol# where polyamines used are 
triethylenetetraamine (Trien) and tetra®thylenepentamine(Tet) 
utilising stopped flow and other UV-Vis spectrophotometers. The 



nickel (Polyamine) chelate reacts rapidly with Par to finally 
produce Ni(Par)2» But two distinct steps are observed in this 
reaction. The first step is first order with respect to both 
Ni (Polyamine) and Par/ which shows the formation of a ternary 
complex/ Ni (Polyamine) (Par) in this step. The second step is 
first order in the ternary complex and is independent of Par 
concentration. This indicates the dissociation of the ternary 
complex prior to formation of Ni(Par) 2- The effects of pH and 
temperature on both reaction steps have been investigated and 
used to support the proposed mechanism. 

In the sixth chapter/ the kinetics of reaction of ethylene*- 

2 , 

diaminetetra acetato (hydroxo) ■ ferrate (III) / PeY(OH) **/ with 

cyanide ion is presented. This reaction consists of three stages. 

3 - 

Tho first involves the formation of Pe(CN)5(0H) , the second is 

conversion of Fe(CN) g (OH) to Fe(CN)g~ and finally the reduction 
of Fe(CN)g’“ to Fe(CN)g due to oxidation of EDTA/ released within 
the system/ by Fe{CN)g formed in the system. The first stage 
shows a variable order dependence in cyanide/ ranging from one at 
higher cyanide concentration to throe at lower cyanide concen- 
tration. The backward reaction i.e./ the reaction between 
Pe(«) 5 (OH) 3 - and EDTA is first order in each reactant and 
inverse first order in free cyanide. These results lead to a 

%mm' 

five step mechmism for the formation of Fe(G 3 ;^) ^(OH) from 
Pe (EDTA) (OH) complex. The second stage shows first order ■ 

dependence each in Pe(C 2 ^) 5(OH) and cyanide. The third stage 



follows second order kinetics and is strongly dependent on 
hydroxide concentration as well. A general mechanism consistent 
with all kinetic data is proposed. The seventh and last chapter 
gives a summary of work and scope for further investigations. 

The thesis contains figures# tables and references 
wherever needed. 

» 

While particular care has been taken to give due credit 
to the work reported by other authors in the literature# the 
author begs to be excused for purely unintentional ommisions# if 
any# due to oversight and for errors which could be traced 
herein. 
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CHAPTER I 


GENERAL INTRODUCTION 

1,1 Scope and Purpose of Work 

The study of mechanisms of chemical reactions, 
employing reaction kinetic data, has been a siabject of interest 
for several chemists. Such investigation^rovide valuable clues 
for understanding the salient electronic, structural and stereo- 
chemical features" of a chemical process at the molecular level. 
For a chemist the importance of kinetic study lies in the fact 
that by xmderstanding the dependence of rates on the reaction 
variablesviz. concentration, temperature, pressure and solvent etc 
one can control the course of a reaction. Thus the conditions 
required for favouring formation of desired product (s) can be 
successfully worked out. 

The substitution process permeates the whole realm of 
coordination chemistry. It is not infrequently the first step 

1 *. 3 ' 

in a redox process or in a dimerization or a polymerization 
reaction^. An understanding of the kinetics of substitution can 
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be important for defining the best conditions for a preparative 
or analytical pjcocedure in coordination chemistry , The process 
is undoubtedly important in the reactions of metal or metal 

activated enzymes^ for example in the inhibition of the catalytic 

6 • 

function of metalloenzymes by ligands and the transport of 

7 

metal ions through cell membranes . 

Most of the early kinetic studies of sxabstitution were 

concerned with the inert Co(II) cortplexes which Werner had so 

well characterized and which underwent reactions at conveniently 

8 

measurable rates'. An earlier review by Taube draws attention 
to the wider world of labile octahedral corrplexes of transition 
metals and to reactions which were conplete within mixing time. 

The collection of quantitative data for a large number of rapidly 
reacting bivalent and tetravalent transition metal complexes of 
the Vanadium-Zinc group had to await the development of flow 

9 

methods as well as the Invention of relaxation techniques . 

In the past few years several excellent monographs on the 
mechanisms of inorganic reactions have appeared^^”"^^ and a signi- 
ficant drive has been made towards visualising the nature of a 
variety of intermediates and transition states. Lately reactions 
of coordination compotonds have been investigated to test various 
theories of chemical reactivity. For exanplei the base hydrolysis 

of penta-amine cobalt (III) ion has been used to study the effect 

' ' 17 ' ' 18 ' ' ' ' " 19 '' 

of hydrostatic pressure , ionic strength and ion pairing on 

the reaction rates. Many metal ions are knovn to act as catalysts 
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in organic and biological systems. Their reactivities may form 
the basis for better landerstanding, for exairple, of the striking 
difference between otherwise similar Ca^"^ and Mg^"*" as enzyme 
activators , 

21#-?7 

Many possibilities of analytical interest are 

■parovided by the study of coordination reactions (mainly ligand 

subs titi^Lt ion reactions) . Differential determination of metal 

ions has' become possible by the use of differences in the rates 

for the forward or reverse reactions of different metal ions 

24* 

with judiciously chosen ligands. The concentration of Hg has 

-7 

been determined upto 10 M level by its catalytic effect on 

the substitution reaction of cyanide in hexacyanoferrate(II) by 

27 24 25 

p-nitrosodiphenyl amine , Similarly Trien and Triglycine 

have been estimated at 10“^ concentration level by a kinetic 

method. It may /be emphasized here that a detailed kinetic 

picture of a reaction is quite often a necessary prerequisite 

for its use for analytical purpose. 

One of the most reliable methods for assigning the 
solvation nximber of metal ions Involves exchange studies in 
reactions of the type 

M(H.O) + n.H-0 — + n.H^O ... (l) 

2 n 2 , 'ti,' ' ■ / n : 2: 

Provided the rate of exchange is measurable* and the flow methods 
or NMR^^ spectroscopy can help to attain this, the value of n can 
be determined. The hexa coordinated structure for 



4 


and Cr(H20)g''' in as well as for Co(NHj)g^ in 

liquid ammonia^ ^ have been deduced by solvent exchange kinetics. 

Some ligand exchange data have been used to calculate the 
stability constants of mixed ligand complexes , which is 
otherwise difficult to calculate by usual procedures because of 
their transient existence or extremely small concentration in 
which they are produced as intermediates in multistep reactions. 
The rate data of ligand exchange reactions involving a four step 
reaction between aminocarboxylatonickeK II) and cyanide ion have 

41—45 

been used to calculate the stability constants of mixed- 

ligand conplexes of the type NiL(CN) where l”“ is an amino- 

•A. 

carboxylate or polyamine. The stability constants of conplexes 
of alkali metals with aminocarboxylates have also been determined 
by using the rate data of exchange reactions of aminocarboxylates 
with Ni(C 3 N) I by studying the effect of concentration of these 
alkali metal ions on the above stated reaction . 

The study of kinetics of reactions of nickel (II) complexes 
has played an inportant role in enhancing our understanding of 
replacement mechanisms. The present work was started with the 
object of obtaining a better understanding of the ligand exchange 
processes in general and polydentate ligand displacement or 
exchange on nickel (II) and iron (I II) in particular. 


■/ 
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1.2 Classification of Substitution Reactions 
For a ligand substitution process 

M - X + Y > M - Y + X ... (2) 

two distinctly different types of mechanisms are possible 

M - X M + X; M + Y M ~ Y ... (3) 

A process where rupture of the metal-ligand (eg.M-X) bond 

is primarily important in the transition state is called Sj^l 

47 

according to Ingold's notation or Dissociative process# 'D'# 

48 

according to Langford and Gray's terminology . Alternatively# 
formation of the M - Y bond may be primarily important in the 
transition state without any significant rupture of the M-X bond. 

y ^ X Y - M - X Y - M + X (3a) 

This is a bimolecular nucleophilic substitution process 
designated as S^2 by Ingold'^'^ and an Associative process, 'A*, 
according to Langford and Gray • However# 'D' and *A* processes 
are limiting situations and in many systems there may be differen 
degrees of M-X bond rupture and M-Y bond formation in the tran- 
sition state. These have been termed as Interchange process or 'I 

48 

process by Langford and Gray . An interchange process can be 
further sub classified as Associative interchange process# 
and Dissociative interchange process# ' * 



6 


I«3 Literature Survey 

The octahedral complexes of metals have been sxabjected to 
a great deal of kinetic investigations, A brief survey of the 
significant developments in this field will be reported here 
though the discussion will be mainly centred arovind the octa- 
hedral complexes of nickel (II) as an illustrative example. 

1,3,1 Ligand exchange reactions ; 

Solvent exchange is perhaps the most important exanple 
of this kind of reaction 

L NiS®'"^ + S S + s - ... (4) 

Where L represents a ligand and S the solvent molecules. 
The kinetics of this kind of reactions have been studied both, 
in pure solvent and in mixtures of coordinating and non-coordi- 
nating solvents. 

Exchange in pure solvents has been found to obey a first 
order rate law 

Rate « nkg^ [Lj^iSj*"] ... (5) 

where n is the number of molecules of solvent pres ait in 
the cornplex and k is the specific rate for the exchange of a 
single molecule of that solvent. Some kinetic data for the 
solvent exchange of N is g"*" complexes (‘S * solvent) are given in 


Table 1,1 
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Table I.l Kinetic data for the solvent exchange of some octa- 
hedral nickel ( II) complexes in pure solvent at 25*^C 


Complex 


Ah^ 

ex «.! 

AS^ 

eu 

Ref 



kcal mole” 


Ni(H^O) 

Z U 

4.4 X 10^ 

3.6 X 10^ 

10.3 

12.3 

-5.2 

+3.6 

49 

50 


3.0 X 

10.8 

-1,7 

51 


2.7 X 10^ 

11.6 

+0.6 

52 

Ni(MeOH)g 

1.0 X 10^ 

15.8 

+8 

53 

Ni(EtOH) g 

1.1 X 10^ 

10.8 

-4 

54 

Ni(NH3)g 

1.0 X 10^ 
0.47X 10^ 

9.9 

10.0 

-2 

-3 

55 

56 

Ni(DMF) g 

6.9 X 10^ 

3.8 X 10^ 

14.6 

15.0 

+ 6 

+8 

57 

58 

Ni(MeQ3) g 

12.4 X 10^ 

3.9 X 10^ 

11.8 

10.9 

-0.2 

-8.8 

59 

60 


2.8 X 10^ 

11.7 

-3.6 

61 

Ni(DMSO) g 

9.3 X 10^ 

7.5 X 10^ 

7.3 

8.0 

-16 

-16 

62 

63 


5.2 X 10^ 

12.1 

-1.3 

64 


3,2x10^ 

13.0 

— 1.4 

65 
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The data reported in Table 1,1 show that the enthalpies 
and entjcopies of activation are largely dependent on the 
exchanging solvent, although little effect is observed at 25°C 
on the exchange rate constant, k . Several factors are believed 
to contribute to the solvent effect. Among these, the most 
important are: (i) the metal-ligand bond energies; (ii) the 
ability of the ligands to provide electronic stabilization for 
an intermediate state; (iii) the steric requirements of the 
different ligands; (iv) the solvation difference between ground 
and transition state and (v) the structural properties of the 
solvent^^' 

1.3,2 Formation Reactions of Nickel (II) Complexes : 

The kinetics of formation reactions represented by Eqn,(6) 
are among the most thoroughly investigated ones in the chemistry 

NiCH^O)^"^ + ^ Hi(H^O)^ .L + x H^O ..(6) 

2 D 2 . D-X 4 

d 

of octahedral complexes of Ni(II). The rate law obeyed by these 
reactions has the general form; 

Rate » k^bJi(H20) ^’^] [l^“] - k^ [Ni(H20) , AD 

The second term in the above Eqn (7) represents the dissociation 
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rate. The observed pseudo first order rate constant for the 
complex formation is 

^obsd ~ ^f ^ 


The second order formation rate constants for the 
replacement of H^O by a variety of unidentate ligands# according 
to equation ( 6 ) are given in Table 1,2. 


Table 1.2. 

Rate Constants 

complexes with 

for formation (k^) of n 
some \inidentate ligands 

ickel(II) 
at 25°C. 


Ligand 

10-3xk|-f 

.W 1 1 •• 1 

lit mole sec sec 


Ref, 

NH 3 

4.6 

3.0 


68 

Py 

4.0 

3.0 


69 

imidazole 

5.0 

1.6 


70 

SCN*" 

6.0 

0.6 


71 


5.0 

0.3 


72 

CH 3 P 02 - 

280 

0.7 


73 


- 

1.5 


74 

f" 

8.0 

0.8 


75 ^ , 

H 20 

- 

3,0 


51 


» 

bi JCq * 

c Vide supra# Eqp. (9) 
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The roughly constant values of provided the entering 
ligahdsbear the same charge# suggest that this behavior is 
consistent with the dissociative mechanism in which the entering 
ligand plays a relatively minor role in the rate determining loss 
of a molecule of solvent. The occurrence of a dissociative 
mechanism is also consistent with the values of volume of 
activation (7-4^ ml mole”^) for the reaction of nickel (II) ion 
with some uncharged ligands in water'^^ (Table 1,3) , 


Table 1.3. 

Volumes of 

nickel (II) 

Activation (A v^) for the reaction 
ion with some uncharged ligands. 

of 

Ligand 

Temp, 

, Av^ (cm^mole^) 

Ref. 

NH. 

3 

30°C 

7.1 + 1,0 

76 

*k 

Pada 

49°C 

8.2 + 0.1 

76,77 

glycinate 

- 

8 . 0 + 2 . 0 

78 

imidazole 

25°C 

11.0 + 1.6 

79 

murexide 

25°C 

12.2 + 1.5 

79 






Pada is Pyridine-2-azo-p-dimethylaniline 
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The generally accepted mechanism of complex formation 
was originally proposed by Eigen and Tamm , It involves the 
preliminary diffusion controlled formation of an outer-sphere 
complex between nickel (II) and the incoming ligand. The rate- 
determining step of the overall process is the loss of a solvent 
molecule from the first coordination layer of this outer sphere 
cortplex(Eqn, 9) . 


Ni(H^O)^ (H20)5Ni(H20) 

Ic • * (9) 

(H^O) 2Ni(H20) (H 2 O) ^NiL^"^ + H 2 O 


where is the equillhrltm constant for the formation 

of the outer-sphere cortplex, is the rate constant for the 
loss of a solvent molecule from the outei>sphere complex and 
k^^ is the rate constant for the reverse process. 

According to Eigen mechanism, the rate constant for the 
complex formation, kj, is given by 


^o%s 

which becomes 

^f * Vos 

when ^os 


... ( 10 ) 


( 11 ) 


• # • 
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When the entering ligand is bidentate, we can still 

80 

extend the Eigen mechanism to the formation of monochelates 
according to equations 12a - 12c/ where the bidentate ligand 
is represented by L-L, 


(H^O) gNi^''' + L-L 
(H2O) gNi(H20) ... 

(H 0)gNi L-L^"^ — 
2 0 'r*“ 


K 


— — 


2+ 
T M 

k 

Q 'v 

•Ju ** 



2+ 


^2^^ 5" 
‘ 2 °) 5» 


2 + 


-o 


rc X 


L 2+ 


ro 


(H20)^NiQ ) + H^O 

L 


(12a) 

(12b) 

(12 c) 


In Eqn. (12c)a k and k are the rate constants for ring 
closure and ring opening steps respectively. According to this 
mechanism# the specific rate constant for complex formation, kjc# 
is given by 


K k k 
os o rc 

k''„'+"k 
-o rc 


(13) 


If k »k i.e./ if ring closure is a fast step# th©a kj==K ^.k^, 
equivalQit to equation (11). The overall rate of chelate for- 
mation will then be determined by the rate of formation of NiL-L 
species and will be governed by factors applicable to unidentate 
ligands* However# if k^^« k ^ i.e.# if ring closure is rate 

■XTv- 

determining# then 


K. 


k^.k ^ 
o rc 


os 

where K. » k^/k 


=s K K. k 

os 1 rc 


(14) 


Some values of k-# for the formation of 


NiL(H 20 )^ conplexes for bidaatate and multident ate ligands are 
summarised in Table 1.4. 
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Table 1.4. Specific rate constant,' for the formation of 
NiLlH^O)^ corrplexes with some bidentate and 
multidentate ligands at 25^C. 


Ligand 

-3 -1 -1 

10 ,k£,fri -^s 

O 

1 

O 

Ref 

H^Tet^'*' 

3.5 

.. 

84 

H^Pent^’^ 

5.3 

- 

84 

H^Trien^*^ 

0.097 

- 

84 

tJ rtl' dm 2*1*' 

K ^ X '©XI 

0.32 

- 

84 

H Dien"’" 

6.2 

- 

84 

H Trien'*' 

9.3 

- 

84 

H Tet"^ 

13.3 

- 

84 

H Pent"** 

16,0 

- 

84 

glycinate 

15.0 

0.9 

70 

Diglycinate 

21.0 

1.2 

70 

Triglycinate 

8.0 

0.46 

85 

2 - Aminomethylpyridine 

32.0 

- 

86 

Picolinic Acid 




(-o-nh"^) 

4.2 

- 

87 

C-O-N) 

36.0 

- 

87 

Pusaric Acid 




C-O-NH"^) 

8.1 

- 

87 

(-O-N) 

39.0 

- 

87 

Cysteine 

110,0 

- 

88 


. . . contd* . 
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Table I.4(contd.) 


Tyrosine 

5.4 

- 

88 


14.0 

- ■ 

89 

Penicillamine 

110.0 

- 

88 

NTA 

2000 

- 

90 

EDTA 

6000 

- 

91 

HP^O^" 

2100 

1.2 

92 

ATP^” 

4000 

1.0 

93 

o 

o 

m 

6800 

1.2 

92 

N -me thy 1 imidazo 1 e , MeHL 

0.23 

- 

94 

N -methyl imidazole# MeL 

4.5 


94 

3-methylhistidine# MeHL 

2.1 


94 

0-phthalate 

630 

- 

95 

en 

350 

-- 

96 

enH*^ 

0.18 

- 

96 

NN-dimeen 

32.0 

- 

97 

NN-dimeenH’*’ 

0.069 

- 

97 

NN -dimeen 

43.0 

- 

97 

NN * -dlmeenH"^ 

0.029 

- 

97 

trimeen 

2,9 


97 

'4* 

trlmeenH 

.0096 

MM 

97 

anthraMAate 

2.3 

- 

98 

salicylate 

5.3 

- 

98 

5-sulphos al icyate 

4,7 

- 

98 

lactate 

26.0 

- 

99 

glycollate 

2.2 

- 

100 

tmen 

0*48 

— 

104 
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On the basis of Eigen mechanism the rate-determining 
step of the formation reaction, involving loss of a solvent 
molecule, is effected slightly by the incoming ligand so that 
the value of in a given solvent in expected to be roughly 
indep^dent of the entering group. The large range of values 
of fouwi with different ligands (Table 1.4) arises mainly 
from the term. The value of can be calculated using 

equation (15)^^^“’^°'^, 


where 


and 


K = 


OS 


U(a)« 


4Tr N, a^ 

A 

3000 

D 


-U(a)/kT 

e 



K 

1 + K a 


) 


ew N,e^ I 

A 

1000 DkT 


1/2 


... (15) 
... (16) 

... (17) 


In these eqaations Is Avogadro number, 'a' Is the 
distance of closest approach between two ions (in centimeters), 
'k‘ is Boltzmann's constant (in ergs) , 'T' is the absolute tempera- 
ture, ‘e'is the charge of an electron (in electrostatic units), 

‘d' is the bulk dielectric constant, ’l' is the ionic strength and 
2^ and Zg are the charges on ions A and B respectively. Intro- 
duction of K in Eq. (ll) or (13) makes it possible to evaluate 
OS 

ko# which is roughly indepaident of the Incoming ligand. 
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I-3.3 Dissociation Reaction of Nickel (II) Chelates : 

Chelate dissociation reactions are much slower than their 
formation reactions. Mechanism given in equation (12) can also 
account for the dissociation rates of complexes bearing mono or 
bidentate ligands. According to this mechanism, the rate constant 
for the dissociation of complexes will be 

kd = k_^ ..... (for monodentate) 


and 


r. r. 

V - _ro -o 
d ~ k 


4- k 
-o rc 


. . (for bidentate) 


when k ^ k , k , = k_^ i.e,, dissociation rate constant 
-o rc d ro 

depends on the opening of chelate ring, and if k_^ « k^^ then 
k- » k_. k /k i.e, dissociation rate constant depends on the 
rupture of second metal-ligand bond. Both these situations have 
been detected several times with bidentate and also multidentate 
leaving groups^^'®^' it has been found that acid accele- 
rates the dissociation by several orders of magnitude"^ ' “ • 

After one donor atom is replaced by a solvent molecule, the acid 
assists the dissociation of a polydentate chelate complex by 
protonating the partially coordinated intermediate and st^ilizing 
it relative to the fully coordinated form. Some data of dissoci- 
ation rate constants of octahedral nickel (II) chelates are given 
in Table 1.5. : 
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Table 1-5. Kinetic data for dissociation of nickel chelates at 

o 

25 C in acidic media. 


System 

log 

Ref. 

System 

log k^ 

Ref . 

Ni(en) 2 "^ 

1.95 

109 

Ni(Phen) 

5.11 

113,114 


1,85 

110 

Ni(Phen) ^ 

-4.74 

113,114 

Ni(en) ^ 

0.75 

104 

Ni(Phen) 

-5.0 

113,115 

Ni(en) 

-0.84 

104 

Ni(trien) 

-4.75 

84 


-0.97 

110 

nKnh^) 

0.76 

110 

Ni(bn) 

2 

-0,59 

104 

Ni( tetra-meen)^ 1.25 

116 

NiCbn) 

-1.69 

104 

Ni(GEDTA)^" 

-2.60 

117 




Nl( isoquinoline) 1.47 

118 

Ni(gly) 2 

2.36 

104 

nKscn)"*" 

1.01 

118 

Ni(gly) ^ 

1.32 

109 

Ni( a NpN ) 

2.21 

119,120 

Ni(gly)’*’ 

-0.27 

109 

N±( a NpN-e-SO^) 

2.11 

119,120 

Ni(TG)“ 

4.97 

111 

Ni( a NpN-3-6 

1.69 

119,120 




diS03) 
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Attempts at finding correlation between the kinetic effects of 
either the leaving group or the other bonded ligands and extra 
kinetic parameters have some times been successful. It has been 
shown that the basicity of a leaving group is very 

important in determining the rate of dissociation of metal 
chelates. For example, rate of dissociation of Ni{x-Py) (H 2 O) 
(where x = 3 and 4-GN, Me, Br, OMe, 3 -CONH 2 and S-NH^) In acid 
solution increases linearly with decrease in the basicity of the 
leaving amine log k^ = (1.5 - 0 . 21 pK’ 3 ), Also while the rate 

of dissociation is affected by cr donor ligand, it remains 
uneffected in the presence of o donor acceptor ligands^*^' 124,125 

Some useful backgromd kinetic information is provided by 
a polarographic study of the dissociation of the some chelates 
of nickel (II) with amino carboxylates viz. EIMft., HEDTA"^ and 
GEDTA^^'^. The dissociation of Ni( gedTA) and other amino- 
carboxylate complexes of nickel (II) is through a glyclnate or an 
ethyl enediamine chelate ring intermediate^^'^'' 

1.3.4 Ligand Displacement Reactions : 

Generally there are four types of exchange reactions that 
can take place: 

1. Monodentate ligand exchange reactions (excess ligand). 

2. Multidentate ligand exchange reactions (excess ligand), 

3. Metal exchange between ligands (excess metal) 

4. Double exchange reactions. 
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The above exchange reactions are often slow because they 
involve the breaking of a series of coordinated bonds in ; 

succession. 

I. 3. 4a Monodentate Ligand Exchange Reactions : 

The kinetics and mechanism of exchange reactions of i 

unidentate and multidentate ligands by xanidentate ligands have 
been investigated in some detail^^’"^^' Some data is also ! 
available on the exchange reaction of cyanide ion with some 

i 

nickel (II) complexes of macrocyclic quadridentate N-donor 
ligands , Cyanide ion is capable of displacing aminocarbo- > 

xylates from their nickel (II) complexes The general ; 
mechanism for this class of replacement reactions requires that ’ 
three cyanides are bonded to nickel (II) in the rate-determining 
step. A multistep mechanism via formation of mixed ligand inter- 

mediates is proposed for all these reactions, S 

' ■ I 

■ I 

Very little is known about the reactions of cyanide ion j 

with binuclear cortplexes of nickel (II)* Recently Nigam et al."^ ! 

i 

have reinvestigated the reaction of cyanide with a binuclear | 

138 i 

complex Ni^TTHA studied earlier by Stara and Kopanica • Nigam : 

1 52 ' 

■et al* have proposed a different mechanistic .scheme ''in,'' 

which Ni 2 L dissociates very slowly into NiL and which 

react further with excess CN” present in the system to form 
Ni(CN)^'**. The whole mechanistic scheme is outlined below: 
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v.slow 

Ni NiL^- + Ni^'^(aq) 


+CN‘ 


Ni-L^* + CN“ - 
2 x: 




(fast) 

-CN“ 

5- 


NiL(CN)-"“ + Ni^'^(aq)„(fast) 



. (18) 


, (19) 


NiL(asr) 

4* 

CN" 





NiL(CN) , (fast) 

..(20) 

NiL(CN) ^ 

* 4 - 

cn“ 

ko 



NiL(CN)3~.. (rds) 

.. (21) 






NiL(CN) 2 “ 

1 

CN** 

^4 , 

Ni(CN)^“ + L^“ (fast) 

.. (22) 


V 


The important step in the scheme is the cyanide assisted 
dissociation of Ni^L to give NiL(CN) and both of which 

react with cyanide to finally form Ni(CN) 


2 - 
4 * 

On the other hand some bis conplexes of amino carboxyl ates 

135 153 

react with cyanide ion according to following scheme# * 


followed by the rapid conversion of NiL(CN) to Ni(CN)|' 

NiL^ 


2 - 



— s — > 

2-n , 

NlL + L 


NiL_ 

k 



CN ^ 

NiL(GN) ■ 

Billo^"^^ 

143 

and Pearson et al* 


...(very slow) ••(23) 
■...(fast) ..(24) 


have investigated the 
reaction of cyanide ion end square planer contplexes of 
nickel (II) with 1^5 diazacyclooctane (dacco) and dithiooxalate 
(dto) respectively. Both reactions proceed through formation of 
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very stable mixed ligand corrplexes. This type of mixed ligand 
complexes were detected in some previous studies also e.g, in the 
reaction of dithioxalate^^^ and 1,10 phen^'^^'^^^ conplexes of 
nickel(II) with cyanide. The reaction of cyanide ion with the 
catxon PevL-L)^ , where L-L is 1^10 phen"^ or a substituted 
phen^^^' Schiff's base^^®, bipy^^^”^^^, substituted bipy^^*^ 
or terpy^^^'^^^ proceed in the same way initially forming mixed 
ligand conplexes of type Pe(L-L) ^(CN) 2 * 

I . 3 • 4b Multidentate Ligand Exchange Reactions ; 

The mechanism by which one multidentate ligand displaces 
another from a metal ion depends on the ability of both ligands 
to coordinate with the metal ion simultaneously. The rate- 
determining step of the overall reaction is the cleavage of any 
one of the several bonds between nickel (II) and the leaving group 
which must be broken in the course of reaction. For instance, 
Ni(trien) reacts with EDTA^^"^ or HEEDTA^^® rapidly giving a 
mixed-ligand complex, Ni(Trien)L, where L is EDTA or HEEDTA. 

This undergoes successive unwrapping of Trien and increasing 
coordination of finally yielding NiL^"’^. On the other hand, 
formation of mixed-ligand intermediate conplexes in the chelate 
substitution reaction of Ni(EDDA) and Ni(NTA) with Par is a • 
relatively slow process"^*^. Mixed ligand complexes have been 
experimently recognised or kinetically inferred as reaction 
intermediates in several other cases of chelate s-ubstitut ion 
reactionJ-^^-^^^' 
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Octahedral coitpl^xes of nickel (II) in which the ligands, 
occupy all the six coordination sites usually undergo substi- 
tution through the cleavage of one or more metal-ligand bonds 
before the incoming ligand enters the coordination sphere. 

Bis coirplexes of nickel# NiL 2 / generally involve release of 
the ligand L with a multidentate aminocarboxylate as an entering 
iigana . in these cases the reaction rates are 

found to be strongly effected by acidity of the medixim according 
to a rate law which is satisfactorily accounted for the following 
reaction scheme. 


NiL^ 


■ ^ 

NiL + 

L 

.. (25) 



NiL' + 

L 

.. (26) 

NiL 4- L* 



NiL 4- HL' 



NiL*4- 

HL 

.. (27) 


The reaction steps given in Eqpis. (25# 26) are also found to follow 

*1 T *3 lOO 

for ligand sxabstitution reactions of several 1:1 cornplcxes'*' ' 
of nickel (II) . 

1.3.4c Metal Exchange Between Ligands : 

Multidentate ligand transfer between two metal ions, as 
represented by Eqn. (28) has been extensively studied for a 
variety of metal ion combinations and aminocarboxylate ligands 

unaer widely different oonaltlone»-37'38>183-192_ 

M + M‘L . M' + ML .. (28) 

, ■ ■ '■ ' ■ 
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It has been supposed that a binuclear intermediate exists 
in such type of reactions and that the stability of these inter- 
mediates greatly influences the rates^^^* 

Recently Steinhaus et al.^^^ have reported the metal' 
exchange reaction of bis (iminodiacetato) nickelate( II) and 
copper (II) following a consecutive step type of mechanism 
(Eqns. 29,30) . 

Ni(IDA)?" + Cu^'*' NilDA + CuIDA .. (29) 

2 

NilDA + Cu^’^ Ni^"^ + CuIDA .. (30) 

\ ' ' ' ' ' 

The evidence for stepwise -unwrapping mechanism followed 
by copper attack to give a dinuclear intermediate has been discu- 
ssed for both steps by these authors at length, 

I • 3 . 4d Double Exchange Reactions : 

195 

Olson and Margerum have reported an interesting example 
of a coordination chain reaction involving exchange between two 
cortplexes 

ML + M'L' ^ ML' + M'L .. (31) 

The reaction is initiated by the dissociation of a very 
small quantity of one of the conplexes or by the addition of 
traces of free ligand L or L'. The two free multidentate 
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ligands are the chain reaction centres according to the following 
chain propagating steps. 

ML + L' ^ ML‘ + L .. (32) 

M'L* + L ^ M'L + L' .. (33) 


IQC^IQQ 

A series of studies by different workers involving 

chain reactions have been made and used for the determination 

_ 196—198 

of trace amounts of metals or ligands . 


1.3.5 Formation of Ternary Complexes •• 

An understanding of the effect of bound ligands on the 

ternary complex formation is important since it is thought that 

many catalytic reactions requiring metal ions involve the 

formation of complexes of this type. The overall mechanism for 

124. 200-204 

the formation of ternary conplexes can be represented 

by the following scheme: 


K 

NiL(H„0)„ + L-L SS A l(H^O)^ ,Ni(H,0),.. L-L 






.. (34) 


^12 


L(H„0)_ .NiL-L + H„0 
■rr — — 7 2 n-1 2 


^32 


where L is an already bound ligand. If the steady state 
approximation is applied to the formation of the intermediate. 
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L (H 2 O) ^_^^NiL-L , the observed rate constants for the formation 

^ are given respectively by. 


and dissociation of (H-O) ^bNi 

^ n — 2 


k- = 
f 


^os^l2^23 
^2l'*’ ^23 


(35) 


and 

V '^2^2 

^ ’^21 ’^23 


• • (36) 


The effect of already-bound ligands on the ease of water 

replacement during the formation of ternary conplexes can be 

202 

summed up in the following statements ; 

( i) A reduction in is expected on statistical grounds 
since the number of replaceable water molecules is reduced. 

This can be allowed for by multiplying the measured by an 
appropriate statistical factor to give k^. (ii) Strengthening 
of the metal-ligand bonds could be accompanied by a weakening 
of the remaining metal-water bond. This would result in an 
increase in k^ and a decrease in * (iii) The value of Ik .^2 

could be reduced^ thus allowing ring closure to contribute to 
the rate-determining step, (iv) In the case of a negatively 
chargeal Incoming ligand L-L, would be reduced if L was also 

charged since the net positive charge on the metal ion would be 
reduced. Some kinetic data for the formation of ternary complexes 
are given in Table 1.6. 
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Table 1.6, Kinetic data for the formation of ternary conplexes 


of nickel (II) in water 

at 25°C, 




Ligand(Ref . ) 



‘ nH- (124) 

nsa (202 ) 

Pada (201 ) 

Complex 

o 

, S -1-1 

, s -1-1 

- s -1 -1 

, - - , , 

k^^m s 
f 

kj^ , m s 

k^,m s 

N iEDDA 


2.6 X 10^ 


NilDA 

5.3 X 10^ 

6.3 X 10^ 

1.3 X 10*^ 

NiNTA" 

1.4 X 10*^ 

1.5 X 10^ 

A 

1.3 X 10 

Nidien^"*' 

7.8 X 10^ 

1.5 X 10^ 

9.4 X lO'^ 

NiTricn^*^ 

1.0 X 10^^ 

4.6 X 10^ 

7.5 X lO'^ 

NiTren^'^ 

2.0 X lO^’^ 

5.2 X 10^ 

5.5 X 10^ 

NiTP^“ 

— 

1,48x10'^ 

4.0 X 10^ 


a Estimates based on the value quoted at 

b Estimates based on the value quoted at 
S Stands fot solvent. 
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206 

Melvin et al- have reported the rate of formation 

of phen^ bipy, and terpv complexes of NKen)^"*", NiCdien)^"^ and 

NKen) ^ in aqueous solution and found that the rate inoreases 

as the nuinber of coordinated nitrogens increases. This may be 

due to the increase in water exchange rate in the presence of 

bound ligand# which is fovind to increase as the number of 

207 208 

coordinated nitrogens increases , Cayley and Margerum 
attributed the increase in rate of ternary complex formation to 
the stacking interaction of incoming ligands with already coordi- 
nated ligands, stacking Interactions are important in many areas 

of chemistry ranging from the stability of ternary transition 

209-213 214 

metal coirplexes to the structure of DNA . Stacking 

interactions will assist the sxibstitution process only if the 

♦ 

incoming ligand is sufficiently flexible to permit one donor 

group to become oriented in a position suitable for replacing 

a coordinated water molecule while the rest of the molecule is 

in a stacked arrangement. Larger the area of interaction 

between the stacking molecules greater is the formation rate 

constant. The volume of activation for the reaction of Pada 

with five substituted nickel (II) species have been recorded . 

3 1 

They fall into two group, +3 cm mol" (when the bound ligand is 
tren or trien) and +6 cm mol (where the ligand is nta , edda 

or dien) . The latter value is interpreted in terms of the normal 

I. mechanism in which the water- rep lacemait step is rate-deter- 

■'.a , , 

mining, while the former is interpreted in terms of a mechanism 
in which ring closure is rate-limiting. 
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Solvent effect in Xiiqand Substitu-tion Reactions : 

Interest in the effect of solvents and salts on the 
reactivity in inorganic systems appears to be growing in the 
past few years. Some relevant reviews include a general 
discussion on the solvent effect both for inorganic and organic 

^ 0 1 ft 

reactions in mixed aqueous media *” .A yet another review 

appeared on the solvent effects in reactions of square planer 
219 

complexes only . The effect of solvent on the rate may be 
primarily due to (a) change in the dielectric constant of media# 

(b) change in the viscosity# (c) change in solvent polarity and 
(d) water concentration. 

Caldin and Bennetto have developed a very interesting 
mechanistic picture which seeks to take solvent effects 
esqplicitly into accotint^^^'^^^. This picture is applied to 
reactions in non-aqueous solvents as well as water. A critical# 
appraisal of the caldin-Bennetto view point has been given by 
Chattopadhyay and Coetzee while concluding their views on the 
substitution reactions of nickel (II) ion with pyridine, 2#2' -bipy# 
1#10 Phen and 2# 2' # 2"-.terpy, mainly in acetonitrile and dimethyl 
sulfoxide (DMSO) as solvents. In DMSO# sxibstitution by pyridine 
appears to proceed by an I^ mechanism# but with multidentate 
ligands at ordinary teirperature the possibility exists that the 
rate controlling steps is ring closure. Unlike most monodentate 
ligands whose behaviour is comparable to that in aqueous solution, 
certain polydentate ligands either react very fast or slow 
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compared to lonidentate ligands in the same solvent. The 
reaction of with nickel in methanol is 25 times 

slower while that of 5,6 dimethylphenanthroline^^^ in acetonitrile 
is 70 times faster at 25°C compared to the rate in aqueous 

solution222. 226-228^ 

Variation in the formation and dissociation rate constants 
for nickel (II) malonate in water-dioxane mixture^ is due to 
changes in the ion-pair formation constant, which is sensitive 
to the dielectric constant of the solvent as in the reaction of 
Ni(II) with a series of ligands an acetonitrile^^^ and 

methanol , 

23 5 

Cusumano has reported the coirplexation of nickel (II) in 
non-aqueous solvents with some azo-dyes and concluded that the 
process of cornplexation is governed by a sterically controlled 
mechanism. 

In brief, the path ways for ligand substitution reactions 
betwecsn nickel (II) and mono , bi or tridentate ligands can be 
accommodated within the general framework of an I^-type mechanism , 
if the effects of possible fine interactions between solvent and 
solute are considered. The stability of the outersphere complex 
and the orientation of ligand in the outer-sphere complex are 
important factors in type rmechanism,. Both factors are 

influenced by (i) the effective positive charge on the metal ion, 
which is determined by donor strength of the solvent, (ii) the 
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interaction distance between the ligand and metal ion which is 
governed by thickness of the inner sphere conplex and 
(iii) corrpetition between the ligand and the solvent in the 
outer- sphere corrplex. 


o o OO o 
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CHAPTER II 


KINETICS AND MECHANISM OF TETRACYANO NICKELATE(II) 
FORMATION FROM BINUCLEAR Ni(ll) CHELATES; REACTION 
OF MONO (ETHYLENEDIOXY) DIETHYLENEDINITRILO TETRA- 
ACETATO DINICKELATE(II) WITH CYANIDE IONS 

ABSTRACT 

The kinetics of ligand substitution reaction of binuclear 

nickel (II) chelate, Ni 2 L, where L is EGTA ( (ethyl enedioxy) di- 

ethylenedinitrilo tetraacetic acid) with cyanide ion has been 

investigated spectrophotometrically. The reaction conditions 

are pH = 11*0 + O.l, I = O.IM (NaClO^) and teirp. = 25 + 0.1°C, 

The formation of Ni(CN)^ is first order in Ni 2 L and fiarst order 

in cyanide in a large range of cyanide concentration. However, 

-3 

at low cyanide concentration i.e., below 10 M, the reaction 
becomes zero order in cyanide. These results indicate the 

presence of a slow dissociation step in which Ni 2 L dissociates 

O-Hh ' 

to give NiL and at low cyanide concentration and a 

cyanide assisted r^ id dissociation of Ni 2 L to produce 
N iL(CN) and Ni^’*’(aquo) at higher cyanide concoitration. 

KW . ' ' 



46 


These species react with excess cyanide finally producing 
Ni(CN)^ . A five step mechanism has been proposed and the rate 
determining step has been identified. 

The foirward rate expression has the form 
rate = + k' ) [Ni 2 L] = [Ni 2 L ] 

where k^ (=-(3,9 + 0,4) x lO"^ sec”^) is the cyanide 
independent dissociation rate constant of Ni 2 L and k* = k^[CN”]^^ 
where x = 2 consistent with first order dependence in cyanide in 
this case. The term k^ is made up of rate constants and 

equilibrium constants. ■ The value of k^ in 

-1 —1 

this case is8,l+0.5M S , The backward reaction rate was 
first order in Ni(CN)^ and EGTA each, and inverse first order 
in free cyanide. The backward rate constant k^ (i.e, k“]c is 
(7.1 4- 0,5) X 10“®S‘'^ at I = 0,3M, From an analysis of the [h’*'] 
dependence of forward reaction rate over a pH range of 7.5-11.0, 
it is inferred that between pH 7. 5-9,0, one molecule of HCN is 
involved in the reaction besides two cyanide ions. The activation 
parameters for forward and backward reactions have also been, 
evaluated. 

11,1 INTRODUCTION 

A considerable amoimt of data is now available on the 

formation of tetracyanonickelate ( II) from mononuclear nickel ( II) 

1—10 11 12 

complexes of aminocarboxylates , polyamines * as well as 
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aquonickel (II) , Cyanide ions react with mono (amino carbo-* 

xylato) complexes of nickel (ll) to formNi(CN)^" complex relea- 
sing the amino carboxyl ate ligand according to equation 

NiL^“^ + 4 CN“ — - Ni(CN)J“ + (l) 

But the kinetic and mechanistic studies on the binuclear 
complexes of nickel (II) have attracted little attention so far’^^^* 
We had occasion to reinvestigate the reaction between Ni 2 TTHA and 

cyanide^ earlier reported by Stara and Kopanica% and to disprove 

17 18 

their mechanism ' . We also under took the study of Ni 2 DTPA-CN"‘ 
reaction to gain further \jnders tan ding of the reaction pathways 
of binuclear complexes in substitution processes. 

In this work the kinetics and mechanism of the substitution 

reaction of another binuclear coijplex of Ni(II) vla.NljEGTA with 

cyanide ion has been investigated and interpreted in further 

18 

support of the mechanism proposed by us . 

11*2 Experimental Section 

EGTA was obtained through the courtesy of Geigy Chemical 
CO, (Switzerland) and was recrystallised twice by dissolving the 
acid in hot water with the aid of sodium hydroxide and precipi- 
tating the same by adjusting the pH of the solution to 2 with 
dilute HCIO^. The recrystallised acid was dried in an ov®i at 
IIO'^C. It was standardised by potentiometric titration against 
carbondioxide free NaOH solution. Nickel perchlorate, supplied 
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Alpha Inorganics, was recrystallised before use.' A stock 
solution of Ni(ciO^) 2 was standardised against EDTA by coirplex- 

* i Q 

ometric titration , A solution of Ni 2 EGTA was prepared by 
adding a slight excess of nickel ion over stoichiometric amount 
of EGTA and removing excess nickel as Ni(0H)2 at pH 10 by milli- 
pore filtration using 0.45 Pm filter. The clear solution of 
Ni 2 EGTA was standardised by the addition of a fifty fold excess 
of NaCN- at pH 11.0, After allowing for conplete conversion to 
Ni(GN)^“ the absorbance was measured at 267 nm ( 2- =1,16x10'^ 

using suitable dilution. 

All other chemicals were of AR grade and were used with- 
out further purification. All solutions were prepared in doxible 
distilled water. All pH measurements were made on anElico Digital 
pH meter model LI-120. A Toshniwal Spectrophotometer model RL-02 
was used for the study of slow reactions. A SF-3A stopped Flow 
Spectrophotometer from Hitech (England) coupled to a storage 
oscilloscope model OS-768S'of ECIL (India) was used for the study 
of fast reactions. 

11,3 KINETIC RONS 

From the electronic spectra of Ni 2 EGTA (Fig. II. 1) one can 
see that Ni 2 EGTA complex absorbs in the visible region and has 
two absorption peaks at 380 and 625 nm. But the reaction product 
vi 2 .Ni(CN)^~ gives 2 sharp peaks at 267 and 285 nm, (Fig. 11,2). 

The reaction was monitored either at 267 or 285 nm by following 





Absor^cmcc 
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the concentration of Ni(CM)^~ as a function of time. At these 
wavelengths Ni 2 L and cyanide ion do not absorb appreciably. 

11,4 RESULTS 

II.4.1 Kinetics of forward reaction of Ni 2 L with cyanide ion-J 

Potentiometric titration data indicate that EGTA forms a 

20 

mononuclear as well as a binuclear complex with nickel (II) , 

A computer calculation using the overall stability constant value 
for Ni^EGTA and the protonation constant values of EGTA (Table II.1) 
shows that starting with a metal to ligand ratio of 2:1 the 


Table II. 1, Protonation and Equilibrium Constants (log values) of 
EGTA and its nickel complexes at 20°C and 1=0, IM 


HL 

9.46 

^i 

^iL 

13.6 

■H 2 L 

8.85 

^i 

^iHL 

8.3 

HgL 

2.65 

„NiL 

^iHL 

6.0 

'H.L 

2.00 

NiL 

^i2L 

4.9 


binuclear complex viz.Ni 2 EGTA is the predominant chemical species 
(80-85%) between pH 7.5-11.0, The forward reactions were run at 
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The rate constants were evaluated from plots of log (A^.-A^ ) 
versus t • They were found to be first order in Ni 2 ^ first 
order in cyanide over a wide concentration range. The observed 
pseudo first order rate constants are given in Table 11,2 along 
with their standard deviations (at least 4 to 6 runs) and are also 
plotted as log (^obsd^ versus log[cN“]|j, in Fig. II. 3, 
includes cyanide present in all its forms; 


Table 

s II. 2. 

Rate constants : 

with cyanide at 

for the Reaction 
25°C, pH = 11,0 

of Ni 2 EGTA complex 
and I = O.IM (NaClO^) 

[CN-] 


[Ni, 

2L],M 


2.00 

X 

10"'^ 

1.15 

X 10“^ 

0.31±.06a 

2.75 

X 

lO”'^ 

1.15 

X 10"^ 

0.34 ±.04^ 

4.0 

X 

10’“'^ 

1.15 

X 10“^ 

0.40±.02a 

6.4 

X 

10*"^ 

1.2 

X 10"^ 

0.37 1.04^ 

8 • 0 

X 

10~^ 

1.2 

X 10“^ 

0.40 + .03^ 

2.0 

X 

10 

2.3 

X 10“^ 

1.52 +.09 

3.0 

X 

«3 

10 

2.3 

X 10“^ 

2,70+0.1 

4.0 

X 

10~3 

2.4 

xlO-^ 

3.12 + 0.2 

9.44 

X 

10"^ 

2,4 

X 10”^ 

6.70 + 0.4 

1,11 

X 

-2 

10 ^ 

2.4 

X 10"^ 

8,25+0.7 

2.22 

X 

10*^ 

2.5 

X 10“^ 

20.3 + 0,6 

4.27 

:X, 

10-2 

2.5 

X 10“^ 

39.8 + 1.0 . 


(a) zero order rate constants ih cyanide 




Cyanide dependence of the obser' 
rate constants for the reaction oi 
cyanide ion, temp.s:25®C, pHsH-O 
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Ni + X CN” ^ NiL(CN) + Ni^''"(aquo) 

c X 

■ + 4CN~ 

4/ 

Ni(CN)J" ... (4) 

In the presence of cyanide# the Ni-L complex gives ,N’iL(CN) 

. 24 - 

and Ni (aq) and cyanide assists this dissociation. The species 
NiL (produced according to Eqn. 2 ), NiL(CN)^ and Ni^''"(aq) react 
further with excess cyanide finally forming Ni(CN)^“, The subse- 
quent steps for reaction of the first two ate same as far the 

reactions of mono aminocarboxylato nickel (II) complexes with 
1-4 

cyanide , 


11,4.2 Kinetics of Reaction between Ni(CN)^” and EGTA.* 

This re act ion, hence forth called the backward reaction, was 
found to proceed only in the presence of a large excess of ligand 
viz. EGTA. Only NiL is formed in this reaction and there is no 

evidence for the formation of Ni 2 L. The rate of reaction depends 

2 — 

upon the first power of concentrations of each, Ni(CN)^ and the 
ligand. It also showed an inverse first order dependence in free 
cyanide. The rate expression was formulated as 


-d [Ni(CN)J’’] k^ [nKCN)^"] [l^~3 


dt. 


[QJ-] 


The integrated form of this equation is 


A, 




ei 

4 obsd 


... (5) 


.. ( 6 ) 
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Where is the initial absorbance and is the absorbance 
at time t; e is the molar absorbtivity of Ni(CN)^"^ 1 is the path 
length and . A plot of the left hand side of 

equation (6) ys time gives a straight line and slopes of these 
plots give and hence These values are given in 

Table 11,3, A plot of ^ [EGTA] is a straight line 

(Pig, 11,4) with a slope equal to k^. The value of k^ is found 
to be (7.1 + 0.5) X 10"® s"^. 


Table II. 3. Rate Constants for the Reaction of Ni(CN)^“ with i^TA 
at 25°C, I = 0.3M(NaClO^) , pH = 11.0 + 0,1, [Ni(CN) J“]= 
2.6 X 10"®M. 


[eGTaIx 10^,M ^ibsd ^ ^r ^ 

MS"^ 


0.25 

1.82 

+ 

0.2 

7.28 

+ 

0.4 

0.50 

3.8 


0.15 

7.6 

+ 

0.3 

1.00 

7.2 


0.1 

7.2 

+ 

0.1 

1.20 

7.5 


0.2 

6.25 

4" 

0.15 


Av(7.1 + 0.5)xl0~® s”^ 


tl*4,3 Temperature dependence 

The tOTperature dependence of the rates of forward and 
backward reactions were investigated over a temperature range of 
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25-45 C and were found to obey the Arrhenius equation. The 
activation parameters for forward reaction have been evaluated 
for both the situations, i.e, where order dependence in cyanide 
is zero and one respectively. These data are given in Table 11.4. 


Table II. 4. Activation Parameters for the forward and backward 
reactions lYicijt . 

Forward Reaction (pH = ll.O + 0.1, and I = 0, IM(NaClO^) ) 


Zero order dependence 

E =9.6 kcal 
a 

AH^= 9.0 kcal 
AS = -30.4 eu 
pZ = 1.58 X 10^ cm“^ 


First order dependence 

E =6.1 kcal 
a 

=5.5 kcal 
= —36.7 eu 
pZ = 8.5 X lO"^ cm"^ 


Backward Reaction (pH = 11.0 + 0.1, 1= 0.3M (NaClO^)) 

E “ 21 •! lvG3ll 

a 

pi 

m - 20.5 kcal 

pi 

AS a --22.5 eu 

pZ = 7.9 X lo”^ cm"^ 


I3;4.4 pH dependence of Ni 2 l<-CN Reaction 

The pH dependence of the forward readtion is given an 
Fig. II.5# Table 11.5. Under the conditions where order dep^dence 
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in cyanide is one. li was seen thtai: "^lie rate remains almost 
constant in the pH range 9,5-11; hu-fc rit decreases below pH 9.0 


Table 11,5. Hydrogen ion dependence c:f the foirward rate constant 
[Ni 2 EGTA] = 2,58 x [cn“]^ = 2.0 x lO"^; 

1 = O.IM (NaClO^^) ; temp. = 25 + 0.1°C. 


- log [h"^] 

^obsd 

,s"3- 

V = ^obsd -1 

[™ 1 

7.5 

. 1,15 

X 

10~^ 

0,57 

8*1 

2.40 

X 

10“^ 

1.20 

8.5 

4.50 

X 

10”^ 

2.25 

9.1 

11.50 

X 

10“^ 

5.75 

9.5 

12.90 

X 

10”^ 

6.45 

10.0 

13.83 

X 

10”^ 

6.92 

10.5 

14.48 

X 

lO""^ 

7.24 

10.7 

14.72 

X 

10“^ 

7.36 

10,9 

14.83 

X 

10“^ 

7.41 


as found also in our earlier studies^ “ on Ni 2 TTHA, and Ni 2 DTPA 
reactions. This is due to the format-ion of a less reactive 
species HCN below pH 9.0. The inltlaU linear portion of the 
plot of log vs -log [h'^] (K. = 7^17 ) gives a slope equal 

to one (Fig, II. 5). This value indicsates that one HCN is 
involved in addition to two cyanides upto the rate determining 



61 


step below pH 9 . a xate expression valid for the whole range 
of pH (7.5 to 11.0) is given below: 

d [Ni(CN)J“3 

dt ^fCog) + ^f(HCN) ^hcnMnil (cn) 2] ..(7) 

where ^^(qn) ^±(EiCN) rate constants for CN“ 

and HCN reactants resp ect J.v« 2 ly, 

The resolution of -the rate constants was done as follows: 


or 


or 


“ ^f(QT) ^ ^f(HCN) ..(8) 

{ [CN ] + [hCnJ } = 1 + ^f (HCN)^HCN ^ ^ 

^^*^^f(CN) ■'■ ^f(HCN)^CN ] >[CN ] 
k - ^£(CN> ‘*'^g(HLCN) ^HGN 


Inhere is t;he prrotonation constant for CN , At pH 

below 9.0, one is negligi-lLe in comparison to [h"^] and 

equation (9) reduces to equzation (10) 


]< 




f (CN) 


^CN 

A plot Of kj ys 


1 

dF] 

^ 

[h^D 


■*■ ’^f (HCN) ..(10) 

is a straight line (Fig, 11,6), The 


M «Mi *^'1 II 

slope of the straight line"'gives k^(^^= 7.8 m“ s" and the 

-1 -*1 

intercept gives ~ ^ ® • 




i/M xio« 

j 1*"^ i •( pjt ' ' ^ ^ 1(^1 1 ( , «< ' • 

Fig. tl-6 Resolution of the rate constants ahd for the 

reaction ot Ni|fe0Tli Wlt|f‘*tr^hlde loh*f:on^ as given 
In Table BJll ' 
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II* 5 DISCUSSION 

The initial part of the reaction of cyanide with the 
binuclear chelate Ni^EGTiv proceeds via two paths: (i) a slow 
dissociation and (ii) a fast cyanide assisted dissociation of 
Ni^U. The following scheme out lines the proposed mechanism on 
the basis of experimental results and is in line with the 
mechanism proposed by us earlier^”^" 


Mi2L 


4-n 


k 


^ ^ NiL^ ^ + Ni^'^aq,..., (very slow) 


. ( 11 ) 


1 


-CN 

K. 


+CN 


fast +CN 


K * 

+ CN~ NiL(CN)^“^ + Ni^\q (fast) 



Ni(CN) 


NiL(CN)^*^ + a<r’ 


K 


2a 


NiL(CN) 2 '' ..(fast) 


NiL(CN)^;“ + CN” — 
2 V 


k. 


NiL(CN) 


k 


(n+1)- ^ 

3 , . (rds) 


NiL(CN) 


-3 

K. 


(n+l)— . 4 2— . T n— 


+ CN 




^ Mi(CN)^” + L““..(fast) 


-. ( 12 ) 
,. (13) 

: . ( 14 ) 
.. (15) 


The backward reaction rate depends upon the concentration 

of Ni(QJ)^ and EGTA, and is inversely propotional to the free 

21 

cyanide concentration, A steady state treatment on the inter- 
mediate species NiL(CN) 2 # NiL(CN) 2 # NiL(CN) and NiL and a consi- 
deration of dissociation of Ni 2 L according to equation (11) gives 

a combined rate expression (equation 16) 

Kj^K2k3 [cn”]^ [Ni2L] 

rate = k, rNi«Ll+ « — ^ — _ : •• 


( 16 ) 
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which is easily transformed to the experimental rate e 5 Q>ression 
given in equation (3). 

The above expression shows that a third order dependence 
in cyanide would be expected if the reactant is Ni 2 lj. However 
only a first order dependence has been observed in the present 
study (Fig* 11,3) though a first order dependence was observe4 

for NigOTPA and second order for Ni 2 TTHA reactions in an earlier 

18 

investigation , No third order dependence has been seen so f^r. 
Those results are interprected to mean that only NiL(CN )2 and 
NiL(CN) are reactants consistent with first and second order 
dependences in cyanide. Accordingly the rate expression (16) ip 
rewritten as 

rate a [Ni^L ] + [NiL(CN) •.(17) 

$ 

i^jhere x may be 1 or 2 and k^ is K 2 k 3 or k^ respectively. 

In the case of substitution reactions of mononuclear complexes 
of airoinocarboxylates it has been shown that x can be 0^ l and 2 
corresponding to the observed third, second and first order 
dependences at low, medium and high concentration of cyanide. Th^ 
zero order dependence in cyanide in the present case (Fig, II. 3) 
points to a cyanide independent dissociation pathway for Ni 2 L 
with a rate constant k^. 

In the pH range 7.5 to 9, the forward reaction is predo- 
minantly carried by a path that has one HCN and two CN“ mblecules 
as reactants. A function is defined as a^*:Kg/(K^+ [ h'*']). 
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where is the dissociation constant of HC3;J, when k^/ is 
plotted against straight line is obtained (Fig, 11,7) # 

which shows that one molecule of HCN is involved in addition to 
two cyanides upto the rate determining step. The rate constants 
due to reactions of CN and HCN have been resolved and the solid 
line in Fig, 11,5 gives the calculated curve using the resolved 
rate constants due to CN and HCN, The agreement between the 
esgjcrimental points and the calculated solid cuirve can be consi- 
dered good* 

A large absorbance change is observed after mixing the 
re&ctmtB (i*e, NigL and cyanide) as a result of formation of 
NKCN)^"" not from displacement of EGTA from Ni2EGTA but from 
cyanide assisted dissociation of Ni^EGTA according to equation (12) 
and rapid formation of Ni(CN)^ from Ni" (aquo). Thereafter the 
reaction follows steps 13-15, The observed absorbance junp 
equals that expected from Beer's law and stoichiometric conversion 
according to equation { 18) . 

+ 6CN" > NiL(CN)2” + Ni(CN)^” .. (18) 

The rather small activation energy (E^ = 6.1 kcal mol“^. 
Table 11,4) determined from a temperature dependence study of 
tho forward reaction where cyanide dependence is one, shows an 
associative mechanism to be operative in which bond breaking and 
bond making are taking place simultaneously. This value is 
con^arable to that of other mono (amino carboxylato) nickel (TI) 
reactions with Investigated earlier , 



#• 




67 


Kinetic investigations on the reactions of some bis 
complexes of aminocarboxylates"^ and polyamines^^ with cyanide 
showed that the bis complexes first dissociate to give mixed 
complexes of the type NiL(CN)^ which react further with excess 
cyanide to produce Ni(C3SJ)^“, 

The important steps in the reaction of cyanide ion with 
the binuclear nickel complex the cyanide independent and 
cyanide assisted dissociation of the binuclear corrplex accor- 
ding to equations li and 12# followed by its conversion from an 
octahedral to a square planer complex via a penta coordinated 
intermediate as proposed earlier , Three cyanides are required I 
around the central nickel ion to bring about the rate determining { 
step* The fourth cyanide adds rapidly displacing the remaining 
glycinate segment of the amino carboxylate to give the product. ' 
At pH values lower than 9 , however, HCN is also a reactant | 

along with GN*" in the rate determining step (Eq, 14) and an intra i 

molecular transfer of proton seems to take place from HCN. Similai 

'IS 

proton transfer was postulated in earlier studies also ' « |i 

For the sake of coup ari son, the various rate constants and equi- I 

I 

librium constants evaluated for reactions of binuclear complexes 1 

i 

of nickel (II) and TTHA, DTPA and EGTA with cyanide are tabulated i 

■ . - ■ ^ . i 

i 

in Table II.6. | 

' ' ' ■ ' ' ' . . ' . ■ . ' ■ ■ . . ' , ■ 
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Table II, 6* Summary of the rate constants and equilibrium 
constants 


Ni_TTHA Ni„DTPA Ni^EGTA 


NiL 

^i,L 

1.0 X 10^^ 

3.39 

X 

10 ^ 

7.94 X 10 “^ 

/jNi 

NigL 

32*^ 

2.51 X 10^^ 

5.02 

X 

25*^ 

10^^ 

1 

3.16 X 10-^ 


(1,63 + 0.03)xl0“^ 

(1.40 

t 

0.05) xl0“^ 

3.9 + 0.4x10“ 


- 

(1.63 

-f 

0.05)xl0“^ 

8.1 + 0,5 

K2k3,M"V^ 

(10.15+ 1.40) 


- 


- 

^CN 

10.15^ 

1.77 

X 

-1^ 

10 

7,80^ 




^b 

b 

^HCN 

2.4^ 

8.60 

X 

10-2 

3.5 X lO"-^ 

V 0-1 

—7^ 

(3.08 + 0.l7)xl0 ' 

(4.78 

t 

0.6) xlO ° 

(7.1+0.5)xl0“® 

T-# 

1 

m 

(b) (c) from 

ref. 

18 

; (d) ref. 

22. 


An interesting though not unexpected result is a linear 

Ni2L 

correlation between log and log ]c^ (Pig, 11,8) . This 

•2l 

sliows th@ rat© of dissociation at low cyanide ,concentiration 

is inversely related tO''the overall stability' of the binnclear ^^ 
ccmpl'ex* . 

■A consideration of ' structures of .binuclear cortplexes rnay''' 
be ''in order ■ in so 'much' "as the ■■structures, of. Ni2i'THA and ,Ni2DTPA 
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24 

are known . In each case one of the nickels is surrounded 

identically by two amine nitrogens and three carboxyl ate oxygens. 

In TTHA conpleX/ the second nidkel is bonded to two amines and 

three carboxylate groups, while in DTPA complex it is linked to 

one amine and two carboxylate groups. The latter is expected 

to be more labile to self dissociation than the former based on 

the idea of lesser number of binding sites. A correlation has 
25 ' 

been suggested between electron donation abilities of multi- 

dentate ligand L in MAL type of cornplexes (M = Nickel, A = 5-nitro~ 

salicylic acid and L = aminocarboxylates or poly amines) and 

their dissociation rates for the loss of 5-nitro salicylic acid. 

But here we are dealing with the case of a part of the multi- 

dentate ligand itself leaving one of the metal ions in a binuclear 

complex. The donating abilities of the three ligands can be 

estimated assuming additivity of E'S (electron donor constants) 

25 

Of NH^ and CH^COOH (1.84 and 0.95 respectively). The electron 
donating capacity for TTHA, DTPA and EGTA in the binuclear 
complexes can be calculated . TTHA has four amine nitrogens and 
six carboxylate groups, so its E^^ value is equal to 4x1.84+6x0.95 
13,06. Similar calculations can be made for DTPA and EGTA. 

For DTPA, which has three amine nitrogens and 
five carboxylate groups =s 10.27 and for EGTA, Ej^ = 7,84 with 
two amine nitrogens and four carboxylate groups, A log- log plot 
of E's vs k^^2^, the dissociation rate constants of step given 
in equation (11) in the scheme, is found to be linear with a 



-log k 


7 ! 



log (E{^ s) 

Fig. It. 9 A log- log plot between and s (Electron- 

donating capacities of Ljgands.) 
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negative slope (Fig, 11,9) . This trend indicates that the 
lability of binuclear complexes towards self dissociation is 
inversely related to E^s of the complexed ligands. The same is 
also reflected in the inverse linear relationship between 
log in Fig. II.8. 
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CHAPTER III 


KINETICS AND MECHANISM OP TETRACYANO 
N ICKELATE ( I I) FORMAT ION . FROM B IS ( D I- 
ETHYLENE TRIAMINE) AND BIS (ETHYLENE 
DIAMINE) NICKEL (II) COMPLEXES 


ABSTRACT 


The kinetics and mechanism of formation of tetracyano- 
nickelate(II) from bis (diethylenetiiamine) nickel (II) . , and bis 
( ethylenediamine) nickel (II) has "^been studied in aqueous solution 
at 25°C using the stopped flow technique. The reaction is first i 
order in bis conplex and has a variable order dependence in 

cyanide from zero at low cyanide concentration changing to one at i 

i 

higher cyanide concentration. The rate expression has the form i 

rate « -(k^^2 + k' [cN“]^[NiL2] ^ 

which indicates that the bis complex is not directly 
converted Into N± (CN) I"* but first loses one ligand molecule and : 
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cyan id© ion assists this loss. The reverse reaction between 
2 - , 

Ni(CN)^ and, where L is diethylenetriamine (dien) or ethylene- 
diaxnine (en) is first order in each reactant and inverse first 
order in cyanide. This shows that three cyanides are involved 
in the rate determining step, a possible mechanism is proposed 
which involves the successive displacement of the chelated amino 
groups by cyanide ions through the formation of a series of mixed 
ligand complexes. The difference in the kinetic behaviour of 
Ni(dien)2 andNi(en)2 is explained. 

III.l INTRODUCTION 

The mechanism of formation and dissociation reactions of 

some complexes of polyamines with Ni(ll) have been investigated 
1-5 

previously . Ligand exchange reactions involving nickel- 

6 

polyamines# aminocarboxylates # bipyridyl, 1# 10 phenanthroline# 

7 . 

and 2# 2' #2" terpyridyl have been studied extensively, A consi- 
derable amount of data is now available for the formation of 

8 -9 

Ni(CN)^ from Nidi ) Chelates cf aminocarboxylates , polyamines # 
phen^*^ and Ni^'*‘(aquo) Crouse and Margerum^^ have studied 

the reaction of Ni(CN)^" with various polyamines in presence and 
in absence of as a scavenger for cyanide ion. m presence of 
I2# the released cyanide has no effect on the forward reaction 
rate# but to absence of 13 there is an inverse effect. 

In the present study the kinetics of the reaction of cyanide 
ion with two bis complexes of nickel ( II) # NiL2 where L is dien or 
@n# have been reported. 
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III. 2 EXPERIMENTAL 

Diethylene triamine obtained from Eastman Kodak Co. (U.S.A.) 
and ethylenediamine (B.D.H,/ India) were distilled under reduced 
pressure and stored in amber coloured bottles in dark. Their 
solutions in double distilled water were standardised potentio- 
metrically with HCl, Bis complexes of nickel with dien and en 
were prepared by mixing stoichiometric amoxints of standardised 
aqueous solutions of metal and ligand at appropriate pH, The 
concentration of bis complex was found spectrophotometrically 
as Ni(CN)|“ by adding excess cyanide to the bis complex and 
noting the absorbance at 267 nm or 285 nm. All other reagents 
were of AR grade. Double distilled water was used to prepare 
all solutions* 

A stopped flow spectrophotometer model SF-3A from Hitech, 
England, having a cell of 2 mm pathlength was used for study of 
the rapid reactions. An ECIL storage oscilloscope model OS 768-S 
equipped with a polaroid camera was used to record the kinetic 
traces. A Toshniwal Spectrophotometer Model RL-02 was used to 
study the slow reactions. The spectrophotometer used was equi- 
pped with a thermostated cell coirpartment. All pH measurements 
were made on an Elico digital pH meter Model LI-120 using BDH 
standard buffer solutions for standardization. 
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III, 3 KINETIC MEASUKBMENTS 

The exchange reactions of NiL 2 with cyanide were followed 

267 

by monitoring the concentration of Ni(CN)^ at 267 nm ( 

O ^ 

1.16 X 10^) or at 285 nm ( ^ ^i^cN) ^ ^ where absorbance 

of NiCdien)^ and Ni(en) 2 were negligible at the concentration 
levels used for kinetic runs. The forward reactions were run 
in presence of excess cyanide and all gave good pseudo first 
order plots. The rate expression in the presence of excess 
cyanide is given by equation (l) 


d[Ni(CN) 


dt 


^obsd 


( 1 ) 


Where [NiL2]^ includes the concentration of rapidly 
formed mixed cyanide complexes of the type NiL(CN)^. 


III. 4 RESULTS 

111,4.1 Reaction of NiCdien)^'*' with cyanide ion : 

The rate of formation of Ni(CN)f is first order each 
in Ni(dien )2 and CN" at pH 11.0 when cyanide is present in exces 
The effect of variation of cyanide can be seen in Table III. 1. 
The slope of a plot of log S 1=9 

gives the order of reaotlon in cyanide, refers to total 

cyanide cono^tration Including a s..all fraction of HOi present 
in the «orhlng pH range. The order in cyanide varies from zero 
at low cyenide concentration to one at higher cyanide concentrat 
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Fig. (11 1 Cyanide dependence of the observed 
forward rate constants in the reaction 
of Ni(dien)^* and Ni(«n)^* with cyanide 
ton* temp. s 25*C, pH a:11*0, and 1=0*1 M 
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TaJDls Cyanide dependence for Ni(dien) 2 "” 03 SJ"’ Reaction 

[Ni(dien )2 1= 6,lxlO‘“^-4.5xlO~^M, pH=ll. 0+0,1, 

I * O.IM, tert^. = 25° + 0.1°C. 



’"obsd'®*^ 

^obsc/ 

M S 

4*44 X 10*^ 

50 + 2,0 

1.13 

1 

o 

• 

30 + 0.5 

1.35 

1.11 X 10"^ 

16 • 4+ 0 ♦ 5 

1.48 

5.55 X lO"^ 

8.2+ 0.5 

1,48 

• 

o 

1 

6.8+ 0,5 

1.53 

2.22 X 10-^ 

3.2+ 0.2 

1.44 

1,11 X 10"^ 

1 « 4+ 0 # 2 

1.26 

8.88 X lO""^ 

1.1+ 0,15 

1.24 

6.66 X 10-'* 

0.7+ 0.04 

1.16 

4.44 X lO"^ 

0.6+ 0.05 

1.35 

2.22 X 10“^ 

0,042+ 0.003* 

- 

5,77 X lO*”^ 

0.037+ 0.002* 

- 

3.45 X 10* 

0.035+ 0002* 

«Wl 

- 

7.8 X 10 ° 

0.04 + .003* 

» *«» 

- 


★ Zero order dependence in cyanide. 


This observation was also reported by Margervm et al. while 
studying the reaction of cyanide ion with bis oon®lexes of 
IDA and MIDA of nickel < II) . The observed zero order dependence 
in cy«.ide' indicates a slow dissociation step according to 
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equation (2) followed by further reaction of NiL with cyanide to 
give NiCCN)^"” finally, 

NiL2 NiL + L ... (2) 


Thus expressed by equation (3) 


obsd 


« k^^2 + [CN*] 


... (3) 


NiL -0—1 

The values of k^* 2 and kg thus obtained are 3,85x 10 ^ s and 

l,34x 10‘ ^ respectively. 


III.4.2 Dependence of forward rate on pH for Ni(di^) g-CN** reaction : 

The pH of the reaction medium was varied from 8,2-11.0 | 

and it was found that the reaction rate increases with an | 

\ 

increase of pH and thoi levels off at pH above 9, 5 (Table III. 2, j 

Pig. III. 2). The pH values were corrected for - log [h"^ ] by | 

subtractihg 0.11 from recorded pH values . The increase In | 

rate on increase of pH can be accounted for by the difference in | 

i 

reactivities of cyanide and HCN as nucleophiles. The rates due 
to CN“* and HCN can be resolved as follows: 


ic. [CN'L ” ’SiOS C™] 


. (4) 


or 


k. 


[a»~] 

■[«-] 


»{kQjj ■+■ kj^Qjj ^cN ^ 1 

2 * ^CN + ^CN ^GN ^ 


... (5) 
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where [CN']^ / [cB’] = i + [h+] and is the 

protonation constant of oj- (log Kj,^ = 9.0 at i = 0.1, temp.=25°c). 

Thus a plot of left hand side of equation (5) ^ [^"*"3 

gives a straight line (Fig, 111,3) and from the slope and inter- 
cept of this line# both and can be calculated. Their 

respective values are 1,25 x ^ and 1,65 x io“* ^ 


Table Effect of pH on the forward rate constant for the 

reaction of cyanide with NiCdien)^^. 

[Mi(dien) 4,8xl0Pp# 2.22 x IOm^ 

temp, ss 25° + 0.1°C, I = 0,iM(NaC10^ ), 



8.23 
8,65 
9.05 
9,55 
10.00 
10.4 
10 . 12 


2.9 + 0.3 
3.1 + 0.15 

3.3 + 0.1 

3.4 + 0.1 

3.5 + 0.05 

3.5 +0.2 

3.5 + 0.2 


The solid line in Fig. HI. 2 is the calculated curve obtained by 
using these resolved rate constants. The agreCTient betweai 
theoretical curve and experimental points is reasCTiably good. 
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III. 4*3 Reaction of Ni(en) 2 ^with cyanide ion; 

The obseirved reaction of bis (ethylene diamine) complex 
of nickel(II) with cyanide is first order in NiCen)^ and the 
rate increases with increasing cyanide ion concentration 
(Table 111*3/ Fig* lllfl)* The nature of dependence on cyanide 
concentration ■ shows that the bis complex dissociates 'slowly' to 

Table 111*3* Kinetic Experiments at various cyanide concentra- ; 

24 - 

tions for the reaction of cyanide ion with jsii(en) 2 

[Ni(en) 2 '^]^ * 1.6xlOM^, pH=ll. 0+0.1, I=0.1M(NaC10^) , 
temp. « 25+0. 1°C. 


[«-] 

ip 1 M 

^obsd'® 

5,06 

X 

10"*^ 

29.8 + 1- & 

3.06 

X 

10“^ 

24.5 i&'l 

2.4 

X 

10-2 

22 . 0 ±^'^ 

1.22 


10-2 

18.6 

6,1 

X 

-3 

10 

13.3 

3.05 

X 

10 

11.4 

8.55 

X 

10“^ 

9.8 

6.1 

X 

10-* 

5,2 

3.60 

X' 

lO ■ 

5.5 

2.44 

'X' 

10 "" 

5.21 
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thG nrtono coit^Igx and. this mono complex reacts rapidly with cyanide 

through the formation of mixed ligand corrplexes/ finally giving 
2 *^ 

Ni(CN)^ « In this case# if first order dependence in cyanide is 
assumed then 

’'obsd ' + k [CN-]j ...(6) 


Rearranging the above ejtpression we get 


^obsd 



- + k 
T 


(7) 


thus a plot of vs r should give a straight line which 

[cn“L [cn“] 

is found to be the case (Eig. til* 4). Honce the stipulation about 

first order dependence in cyanide, made above is correct. The 

values of and k# obtained from the slope and intercept of 

—1 3 —1 —1 

this plot# are 5,1 S * and 1.3x10 M S respectively. 


Unlike the case of bis coitplex of dien discussed before 
the values of for ethylene diamine conplex is quite high. 

This accounts for the slope for Ni(en )2 being different than the 
expected value of one (Pig. III.l) . However# a plot of log 
^^obsd * against log [CN“] is linear with a slope equal to 

one (Pig. III. 5) confirming again the first order dependence in 


cyanide in case of m as ■vrell. 




iog('‘obsd- 



Fig. III. 5 Plot of log (kQjjg^-k^) Vs log [CnI^ 

for the reaction of NiCcn)^* with cyanide 
ion 
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111.4,4 Kinetics of Reverse Rear,t:ion« - 

The disappearance of Ni(CN)2- ig greatly accelerated 
by the presence of polyamines in comparison to the much slower 
reaction of Ni(CN)^ with aminocarboxylates^ or perchloric acid”^. 
The stability constants of nickel-polyamine complexes are smaller 
than Ni(CN)^ , therefore a large excess of polyamine is required 
to force the reverse reaction, a notable feature of the reverse 
reaction is an inverse first order dependence in cyanide. , The 
integrated rate expression is formulated as equation (8) 



A^) + Aj. In 




v 

'^obsd* 


t 


( 8 ) 


where A^# ® and 1 have their usual meanings described 
elsc*where®andjn Chapt. ^ ^ibsd * ^r ^T* From the plots of 
left hand side of equation (8) t , ^obsd hence can 

be calculated from the slopes of above plots. The values of 
^obsd ^r givam in Table III, 4. 


Table III. 4, Kinetics of deconposition of Ni(CN)^ in its 
reaction with dien & en, 

A • Pi^^l 

[nKCN)^*"]^- 2.6 X 10#, pH « 11.0 + 0.1, I * O.IM and teiTp.=25°G 



3 




5.28 


4.86 


l.OB K 10“^' 
0.72 X 10“ * 


B, Si 




8.25 X pH = 11.0 + 0. 

1, I = 0.5M, temp,=25°C 

[ENlf.M 


4 —1 

lO^'xk^.S ^ 

1,8 X 

5.8 

3.2 

2*0 X 10"*^ 

7.4 

3.7 

2.5 X 10“^ 

8.5 

3.4 

3.0 X lO""^ 

9.6 

3.2 



Av= ( 3 , 38+0 . 24) xlO“'^s”^ 


3.67 


4.97 


Av = 4.86 + 0. lxlO”^S”^ 


111*4.5 Effec t of Temperature 

The activation parameters calculated from the Arrhenius 
plots for the forward and reverse reactions for both the reactions 
are given in Table III. 5, The activation parameters for the 
forward reacticwi were determined for both situations i.e. where 
order with respect to cyanide is zero and one. An interpretation 
of these parameters is deferred to section on discussion. 
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Table III. 5. Activation parameters for the forward and reverse 

reactions 


A. Ni(dien) 2 “Cn" System 


Forward Reaction; 

For eero order dependence For first order dependence ^ 

^ in [CN"] 


E- « 18,5 kcal 

d 

« 17.9 kcal 

pi 

AS SB* 6,0 e.u, 
pZ » 4,1 X 10^^ cm”^ 

Reverse Reaction ■ 

* 18.7 kcal 

AH - 18.1 kcal 

AS «s-l7,5 e.u, 

8 -1 

pZ ■9, lx 10 cm 


B, Ni(on) 2 *CN" System 

Forward Reaction j 

E *10,7 kcal 
AH » 10,1 kcal 
A^^ •-.19 e.u* 


pZ 


^8 -1 
4,1 X 10 cm 


9.5 kcal 

8.9 kcal 

“•14.5 e.u. 

9 

4.4x10 cm 


Reverse Reaction : 

16.5 kcal 
15.9 kcal 
-21,5 e.u. 
1.32x10^ cm* 
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the mono complex reacts rapidly to form mixed cy^ide conplex 
NiL(CN)^ (where x*:2) . The addition of third cyanide is the 
rate determtoing step followed by the rapid addition of fourth 
cyanide to finally give Ni(CN)^ . Depending upon the structure 
and nature of leaving ligand and stability of mixed cyanide 
chelate formed, the formation of NiL(CN )2 ^^y be slow or fast 
equilibrium step. The observed first order dependence in cyanide 
(in addition to cyanide Independent dissociation shown in £< 51 .( 9 )) 
also leads one to conclude that may or may not be the 

slowest step. Thes experiments were carried out to find the 
slowest observed step for the bis complexes under study. The 
rate constant 2 for cyanide assisted dissociation step 
calculated Under conditions when[NiL 2 }is in excess or comparable to 
[CN“] (Table III. 6 ) was found to be higher than that of experi- 
mentally observed rate constants at high cyanide concentrations 

2 + 

in tha caise of reaction of Ni(dlen )2 with cyanide ion 

Table III. 6 . Forward Rate Constants in presence of excess Ni(dien )2 

at 25°C, pH « 11.0 and I = O.iM. 

fMiCdien)^''’]^* 3.6 X 10“^ 


3.55 X 
3.33 X 10“^ 
1.06 X 10"'^ 



xk 


NIL 


'CN 


-1 -1 

2, M ■^S 


6,6 + 0,6 
7.1 +0.7 
6,9 + 1,0 

Av = (6.8 + 0,7) xlO^ 
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(Table III.l) indicating that the addition of third cyanide is 
the rate determining step for Ni(dien) 2 * Moreover, inverse 
first order dependence in cyanide for the backward reaction -'-also 
confirms the supposition that the step shown in equation (l2) is 
the rate determining step and k^ thus obtained is equated to 
'^4 Thus the reacting species for the forward reaction 

is iN i (DferOCCN) 2 and its stability must be quite high. If this 


were not so, at low cyanide concentration the complete conversion 
of Nib to NiL(CN) 2 would not have been possible. Values of K^K 2 
can bo calculated from an expression derived earlier^^ and given 
below Eqp. 14) , 


K,K2 






4 


^iL 


(14) 


where is the overall stability constant of NKcn) ^*" 
(logp^* 30*5^) and is the stability constant of the mono 

complex. The value of product K^K 2 thus calculated for 
NKdien) (CN) 2 is 9,5 x , This value is quite high and 

suggests that the rapid and conplete conversion of Ni(dien) to 

NKdien) (CN) - can be expected. 

<6 

Using a similar treatment for Ni(en )2 it was found that 

i A •*►1 

the magnitude of Kj^K 2 is 1,6 x 10 m which is many orders of 
magnitude higher than the maximum possible value estimated for 

N iL ( CN ) - . According to Margerum^ the magnitude of stability 

d 

cons tant of a ternary complex Nib (CN) 2 will be equal to or less 
than the stability constant of Ni(CN)24H20 estimated to equal 
3 X The large difference in stability calculated from 
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Eqn. (14) and the maximum estimated value given above shows that 
Eqn. (14), which is derived on the supposition that addition of 
third cyanide is rate determining, does not apply in the case 
of Ni(en) 2 “ cyanide system. In other words, the rate determining 
step for the forward reaction does notlie in Eqn, 12 as in case 
of reactions of Ni(dien) and Ki(par)^® Thus for Ni(en) „ 

is small as compared to and the rate determing step moves to ’ 

E gn *10* 

Ihe effect of ionic strength on the rate makes it possible 
to decide further between the two choices of rate determining 
step. In Eqn. (12) where interaction is envisaged between a 
neutral species and cyanide ion, the effect of ionic strength 
on rate should be negligible. However, if the rate determining 
stop involves reaction between charged NiL^ and cn“ as in Eqn. (10) 
a negative salt effect should be observed as seen in Table III. 7. 

Table III, 7* Effect of ionic strength on the observed pseudo 

first order rate constant for the reaction of 

24' 

NKeh)^ with CN ion. 

[Nl(on) 9.2 X lO'^M, [oi“]^ = 4.0 x 

pH - 11.0 + 0.15, temp. = 25°C. 

I,M (haClO^ ’^obsd'®'^ 

12.5 

■ 8,8 

1.0 


0,1 

0,2 

0,3 

0,45 
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Therefore, it can be inferred that in case of Ni(en) reaction 
the cyanide assisted dissociation is rate determining in 
preference to the addition of third cyanide as in case of 
Ni(dien)2* 

A similar conclusion has been arrived at by Margerum et al. 
while studying the substitution reaction of cn" with Ni{IDA)2 and 
Ni(MIDA) 2 • Nigam et al*^ have studied the reaction of Ni(Par) ^ 
with cyanide and have shown that the step involving is rate 
dutonniningi, 

The different behaviour of Ni(en)2 compared to Ni(dien)2 
may be due to its bidentate nature and cis configuration of 
water in Ni(on)2 complex , Hague et al* observed that the 
ligands attached to a metal centre labilise the attached water 
molecule to a lesser extent when they are located at cis position 
than when they are present at trans position to the ligand. If 
this view is correct, the first addition of casi"” to Ni(en) 2 
involving the displacement of water molecule at cis position is 
esqpected to be slower than the addition of third cyanide when 
water may occupy a trans position to the attached ligand. 

Interestingly the magnitude of K.K2 for the reaction of cyanide 

16 ■ 9 ■ ' 

with Ni (Par) 2 complex is reported to be 2.1 x 10 , a value lower 

than that of the Ni(dien)2 complex. This may be due to the 
non labil is ing effect of the aromatic nature of Par ligand 
because polyamine nitrogens V ^pear to accerelate water loss . 
whereas aixjmatic ones do not * • 



log K 



tog /Jj 

Ffg.ll|.6 A Linear Free Energy Relationship (LFER)} a plot 
of log Vs log/Jj, 
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The difference In activation energies of forward reaction 
for situations where order in cyanide is zero and one (Table III. 5) 
indicates the occurence of two different paths in two situations 
at different cyanide concentrations. The cyanide independent 
path is a dissociative one where bond breaking takes place and 
hence has a higher activation energy and correspondingly a less 
negative entropy change. On the other hand/ cyanide assisted 
dissociation seems to be associative one and hence with low 
activation energy. The large negative entropy change for forward 
reaction at high cyanide concentration and also for reverse 
reaction indicates the formation of a more ordered activated 
conplex in those cases. 

A linear free energy relationship is obtained between 
the dissociation rate constant/ for the cyanide independent 

path and the overall atability constant of the respective 

complexes, where L is dien, en or Par (Fig. III. 6) . Table III. 8 
surranarises the equilibrium and rate constant data obtained from 
these studies. 

In summary an attempt has been made at understanding of 
the exchange reactions of bis chelates of dien and en with 
nickel (II) and a mechanistic scheme has been proposed to Incor- 
porate all the experimental observations. The differ^ce xa 
kinetic behaviour of the two polyamine complexes has been 
explained on the basis of labilities of water molecules in 
Ni(en)« by virtue of cis and trans locations of these molecules 
with respects to en ligand to the bis conplex. 
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Table III, 8, Summary of the rate constants and equilibrixim 
constants. 



Ni(dien) ^ 

Ni(en) 2 

"if 

Ni(par)2 

log 

10.7 

7.6 

17.8 

2 

18.9 

15.1 

22.2 

« NiL^ 

* 1 w? 

3.85 X 10"^ 

5.1 

-5^ 

1.86 X 10 


1.34+0.14x10^ 

- 

-2^ 

1.1 X 10 

NIL J,-Ic5-1 

1.65 X 10^ 

- 

4.45 X 10"^ 


1.25 X 10^ 

- 

4.20 X 10"^ 

-X -.1 

4.86+0.1 xlO”^ 

3.38+0.24x10"'^ 

4.4 X 10" 


6.8 +0.7 xlO"^ 

1.3 X 10^ 



* from Ref. 16 
a at. pH * 9*0 + 0.1 

^ 'mm 
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CHAPTER IV 


KINETICS AND MECHANISM OF FORMATION OF AMINOCARBO- 
XYLATO NICKELATE{ II) COMPLEXES PROM (TRIETHYLENE- 
TETRAAMINE) NICKELdi) CHELATE* 

ABSTRACT 

The kinetics of forroation of NiL^“’^, where L is HEEDTA 

( hydroxyethyl-ethylenediamlnetri^acetic acid) and DTPA (Diethylene 

24* 

triaminepentaacetic acid) from Ni(Trien) ( triethyl enetfstr a- 

amine nickel (II) has been investigated. The order with respect 
to NiTrien and aminocarboxylate are found to be one in each 
reactant. The reaction has been studied at pH 5,5-11.0, 1=0, IM 
(NaGlO^) and followed by the cyanide quenching method. The 
second order rate constants are estimated by the initial rate 
method and confirmed by the integrated second order plots. The 
rate of reaction first decreases with an increase of pH, passes 
through a minimum at pH » 8 and again increases. The behaviour is 
explained on the basis of reactivities of protonated and hydroxo 

published in part in the Ind. J» Chem*#- 1981, 19(A), 1070—1074, 
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species of nickel complexes and protonated forms of aminocarboxy- 
lates. A reaction mechanism is proposed involving a series of 
mixed ligand intermediates where steric effects prevent fnll 
chelation of the six coordination sites of nickel ion by the 
two exchanging ligands, 

IV. 1 INTRODUCTION 

Tho mechanismsof nickel polyamine formation and dissoci- 
ation reactions have been thoroughly studied^"^. The dissocia- 
tion involves the nickel-nitrogen bond breakage followed by 
nickel solvent bond formation. The rate determining step for 
the formation reaction is the rate of metal-water loss immediately 
preceding the first nickel-nitrogen bond formation. The exchange 

reaction of metal ion takes place via associative and dissociative 

6 

mechanisms , Ligand exchange reactions involving nickel poly- 
amines with EDTa"^, HEEDTA, TMDTA® and 1, lO-phenanthroline^ have 
been investigated and shown to proceed through intermediates 
having both the ligands coordinated to the central metal ion. 

The reactions are very sensitive to steric effects. 

The reaction Investigated in this chapter is 

Ni(Triai)^^ + L^~ — ^ NiL^"’^ + Trien ...■(l) 

where Trien is Triethylene tetraamine and L is HEEDTA 
(hydroxy ethyl ethyl enediamine triacetic acid) and DTPA (diethy— 
lenetriaminepentaacetic acid) . 
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IV. 2 EXPERIMENTAL SECTION 

All the chemicals used were of ar grade, Triethylene 
tetraamine (A.R. Pluka) was purified by distillation tinder reduced 
pressure. Solutions of Trien were standardised potentiometrically 

using a pH meter. The preparation and standardisation of 

2hh 

NiCTrisn) contplex solutions were carried out by methods previo— 

usly reported'^'®. The free acids HEEDTAH 3 (K & K labs) and 

DTPAHg (sigma Chemicals) were recrystallised from ethanol— water 

mixture and standardised potentiometrically. The ionic strength 

was maintained at O.IM with NaClO^, All absorption measurements 

were made on a Toshniwal Spectrophotometer, model RL-02 (Beclonan 

DU Type) equipped with a thermostated cell conpartment. An Elico 

digital pH meter model LI- 12 O was used for checking the pH of 

solutions. The pH was maintained at 11 and 6 by adding NaOH or 

HCIO^ for HEEDTA and DTPA reactions respectively except when 

effect of pH was investigated. The rates of reactions were 

measured at 267 nm of Ni(CN)^“) by the cyanide quenching 

7—8 

method described earlier “ . 

IV. 3 RESULTS 

IV. 3,1 Protonation and stability constants and species distributions: 

The protonation constants of Trioi, HEEDTA and DTPA, and 
the stability constants of Ni (Trien) ^'^, Ni(HEEDTA) ^ and Ni(DTPA) 

are listed in Table IV. 1. The species distribution of reactants 

' 10 ^' ■' 

at a particular pH, calculated following Perrin and Sayce from 
the pK ‘s of the conplexes and the ligands are shown in Pig.xv.i, 


IV. 2 and IV,3. 
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TABLE IV. 1, Protonation Constants of Trien*^ DTPA** and HEEDTA 

and Formation Constants of their complexes with 
Nickel (II) at 25°c. 


Protonation 

constants 

TRIEN 
( 1*0.1 M) 

DTPA 

( I =0.1 M) 

HEEDTA 
( I =0.1 M) 



2.01 

- 

^%L 

3,25 

2.41 

- 


6,25 

4.26 

2.72 

PXh.L 

9.08 

8.60 

5.41 

■2 


9,88 

10.55 

9.81 

Stability 

constants 

log 

13.82 

20.17 

17.10 

"^iHL 

8,70 

- 

- 

1 t^N iL 

^iHL 

4.70 

5.67 

2.54^ 

^iL(OH) 

4,50 


— 


DTPA is diethylenetriamine pentaacetic acid. 

* TRIEN is triethylenetetramine. 

*** HEEDTA is (hydroxy ethyl )ethylenediamine tri acetic acid. 

a I ■ 1.25 M. 
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Reaction of amin o carboxyl ates with N 1 ( Trien) 

The reactions of aminocarboxylates viz. DTPA and HEEDTA 
with Nil^Trien) were studied at pH 5»0— ll,0. The reaction orders 
were obtained froin the slopes of initial rate plots determined 
by the plane mirror method^^. The reaction was found to be first 
order each with respect to aminocarboxylate and nickel polyamine 
complex (Table IV.2| Pig. IV.4) respectively which is in 


Table IV. 2. Depaidence of Initial Rates on 

Reactants. 

A. NiTrien-HEEDTA System 

Temp, « 25 + 0.1°C; pH » 11.0 + ,0.05 and 

the Concentration of 

I = O.IM (NaClO^) 

[NiTrien+2] 

i 10 ^x[heedta],m 

Initial 

rate, 

xlO^ 

r T 


' T 

2.50 

4.00 

4.25 

4.01 

2.50 

2,50 . > 

2.44 

3.90 

2.50 

2.00 

2.05 

4.10 

2.50 

1.50 

1.54 

. 4.11 

2,50 

1.25 

1.25 

4.10 

2,00 

2.50 

2.07 

4.14 ; 

1,50 

2.50 

1.50 

' 4.00 

1,25 

2.50 

1.32 

4 . 22 ; 



Av. 

=4.05 +0.1 XIO^ 



j-..- 



44 

It 

ine comp 
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B. NlTrieg-DTPA System 


Tart*.. . 25 + 0.1°C, pH = 6.0, I = o.lM (NaClO^) 


[NiTrien"**^ ] 

X 10^, M 

[dtpa]^x 10 

Initial 

7 

Rate X 10 / ^ 

-1 ^ 
MS ^ 

T xl0"^,M^: 

4.00 

4.00 

6.96 

4.35 

2.50 

2.50 

2.84 

4.54 

2.50 

1.25 

1.41 

4.52 

2.50 

2.00 

2.20 

4.40 

2.r50 

4.00 

4.38 

4.38 

3,87 

2.50 

4.41 

4.56 

1.95 

2.50 

2.21 

4.54 

jl e 3, S 

2.50 

1.29 

NiT 

Av. kl ^T =(4.48 + 
^T 

4.46 

0.09) X 10^ 


accordance with the rate law given in Equation (2) . 

[NiT ] ^ [l ] ^ ... (2) 

Where [MiT]j, and [l]^ represent the total concentration 

of pxotonated and unp ro ton ated forms of Ni(Trien) ^'^ and amino- 

NIT 

cartooxylatei respectively and T is the observed second order 

^ . NiT 

rate constant for these two reactions. The values of T, 

T; 

calculated by the intial rate method were checked with those 
obtained from integrated rate plots. The second order rate plots 
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were linear over more than 60% of the reaction and extrapolated 
through the theoretical intercept, a slight deviation for the 
later points is due to contribution from the reverse reaction. 

IV#3»3 Effsct p£ T6ntpera.turB on the react-ion rate * 

Bo^th r©d.ctions wsr© carrisd out in a range of tempezratuire 

O *0 o o 

from 20 •>•40 C and 25 ••40 C respectively. The activation para- 
meters were evaluated using Arrhenius plots (log vs and 

T 

are given in Table IV, 3, The low enthalpies of activation 


Tatole IV. 3. A. Effect of Temperature on the Reaction of HEEDTA 

with Ni(Trien)'*’^, 

[NiTrien'Jp « [heedta]^ = 2.50 x io’^m 
pH » 11.0 + 0,01? 1= O.IM (NaClO^) 


Temp, t O.l^C 

10"^ X 

Kinetic 

Parameters i ! 

! , 1 

25 

4.33 

, V 1 

E ,Kcal =3.6 ! 

■ a , ; 

30 

4.65 

AH^,kcal=3.0 

35 

5,29 

: , e.u.— -36 1 

40 

5.75 

pZ ,cm"”^ = 7. 1 X 10^ 1 
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B. Effect of Temperature on the exchange of dtpa with NiTrien 
[NlTriaf\ = [dtpa]j = 2.50 X lO-^M, 
pH s 6.0 and I = O.IM (NaClO^) 


Temp. + O.l^C 

k^^'^T X 10"^, 

^-1 -1 

Kinetic „l 

Parameters^ ^ 

20 

3.72v 

E ,kcal = 5.2 

'O. 

25 

4.38 

AH^,kcal = 4.6 

30 

5.16 

AS^^e.u, =-30,8 

35 

5.85 

P 2 ,cm“^ = 1,1 xlO 

40 

6,70 



indicate an associative mechanism where bond breaking and 
making takes place simultaneously. The negative entropy of 
activation suggests steric blocking and a highly ordered reaction 
pathway* 

IV, 3, 4 Effect of hydrogen ion concentration on reaction rates . 

It was found that the reaction rate constants are strongly 
dependent on the hydrogen ion concentration in the pH range 5-ii, 
(Table IV.4) • This may be attributed to the reactivities of 
various protonated# unprotonated and hydroxo forms of the 
reactants. On, the basis of known protonation constants of 
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Tatole IV. 4, A. Effect of pH on the Rate of Exchange of HEEDTA 
with NiTrien 

[NiTrien^ *= [heedta]^ = 2.50 x io“^m 

Temp. * 25 + 0.1°C; 1= 0.1M(NaC10,) 


pH 

10“*^ X 

. .***1^** 1 

M S 

pH 

10”^ X k^^^T, 

-1 

M S 

5.5 

9,97 

8.5 

2.25 

6,0 

5.76 

9.0 

3.16 

6.5 

4.02 

9.5 

3.57 

7.0 

3.31 

10.0 

3.27 

7,5 

3.03 

10.5 

3.64 

8*0 

2.09 

11.0 

4.33 

B. 

Effect of pH on the 

Rate of Exchange of 

DTPA with Nickel Trien 


[NiTriail* [dtpa]^ = 

t 2,5 X lO^^M; 



Temp # ** 25 4* O.l G/ 

I = O.IM (NaGlO^) 



pH 

k^^^T X 10“^, 

M S 

pH 

X 10-2 

■L'rp * 

-1 -1 

M -^S 

5,2 

11,10 

8.3 

2.81 

5,6 

7,34 

8.6 

2.98 

5,8 

5.58 

8.9 

3,76 

5.9 

5.10 

9,4 

4.29 

6,0 

4.48 

9.7 

4,89 

6,7 

4 * 18 

10.0 

4.11 


. . . contd 
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7.0 

3,50 

10.1 

4.35 

7.3 

3.16 

10.45 

4.36 

7,5 

2.83 

11.0 

4.32 

8,0 

2.70 




amino carboxylates and Ni(Trien) the following rate equation (3) 
is proposed for the reaction of HEEDTA with Ni(Trien) 


Rate .< [oh-] [l"-] + [l"-] + [hl^-"] 

+ 1% L [HjL ^■"]>. [NiT^'^3 ... (3) 

2 

in the pH range below 8 , first two terms which do not Involve 
protons can be ignored and under this condition equation (3) 
transforms to equation (4) or (5) 

Rate ■ <k^ [h'^]^ > [NiT^T[Cj. .. (4) 


>^ere are the first and second protonation 

constants of HEEDTA, In Equation (5) & k 2 are the composite i 

rate constants and are equal to kj^,K^ and respectively. 

Rate - < + k 2 [H'^]^ > [N ...(5) 

. ■ ■■ ■ ■ ■' ' ■ ■■■ ' : . " ■ : 

comparing equations (5) and (2) we get 


^iT_ [Mil]j 
^ [NiT^*^] 


‘is . V Ch+ 3 t k. [h+]2 

[l”-] ' 


( 6 ) 
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^3 three protonation constants of HEEDTA. 


Also 4 


[Nil] 


2-K = 1 + ’^MT [h+] + K^g(gjjj [oh-] + [.OH-f 


[NIT-^-^ KiHT >..■ j - 

Equation (6) can be rewritten as 


j^NiT^ [NiT]j [l] 1 

D?] = >^1 ^ 


... (7) 


The plot of left hand side of Eqn. (7) vs [h"^] gives a straight 
line (Pig. IV.5x)with an intercept = k^'^ = 1.5 x 10^^ 


vNiT 

Mf miif 


8* 2.37 X 10^ 


Also / slope ■ ^ 

2 


3.25 X 10^ 

Ki- 


2.2 X 10^ sec”^ 


jyoove pH 8.5 the other two terms can be evaluated from 
the data at higher pH value by correcting for the contribution 
of kj^ and ^ employing equation (8) 


A- < kj[H+] + kj[H+]2 ).. [OH-]... (8) 

where A represents [h"^] times the left hand side of 
equation 7. On replacing [OH*”] by / [h'*'], equation (8) is 
transformed to equation (9b 




liT(OH) 


JiT 

liT(OH) 


K 

— f-..(9) 

[H*] 






Fig. IV- 5 Resolution of the rate constants for the reaction of NlTrien^ 
with HEEOTA. temp.a25°C and 'X’.Ptot of eq.(7) and 

’Y*. Plot of eq.(9). 
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so, a plot Of left hand side of equation (9) va — gives 

iiii— iniii p'. * 4 “ *1 * 


a straight line (Pig. lv.5y)„ith an Intercept - ^stoxloV^S 
and slope - = 1-44 x lO'" sec*! 


or k. 


.NiT(OH) 


s= 4,56 X 10^ 


Similarly for the reaction of dtpa with NiTrien the 
following rate equation is proposed. 


rate - -(k^WCOH) ^ ^ ^ [hl 1-"]+ k„ 


4 I'HjL ^ 


... ( 10 ) 


Using the protonation constants of DTPA and hydroxp 
constants of Ni Trien# at different pH ranges^ the following 
three equations (11, 12 and 13) can be obtained by an algebraic 
manipulation similar to the one for HEEDTA reaction as outlined 
above. 


In pH range 5.5 - 6,5 


and in pH range 6,5:- 9 . ' 

A [H+]2 - .<k,[H+]2 + k3[H+f> = kjH+] 


.. (11) 


... ( 12 ) 


and lastly «^ve pH 9 


iT(OH) ^iT % 
^iT(OH) 


... ( 13 ) 
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whQro kj, kj and kj are composite rate constants and are 
cjual to k^Kj, and respectively, and Kj 

bsluci the first three proton ation constants of dtp a# * a* represents 
left hand side of equation (ii) and'D', the left hand side of 
equation (12) . The various rate constants can be resolved using 
the above three equations. For example, by plotting left hand 
side of equation (11) ^ [h+ ] (pig. iv.6x)we get and 

by plotting left hand side of equation (i2) ys [h"^] (Pig.iv,6y) 
we get end from the plot of left hand side of equation (13) 

^ (Pig^ IV,6z)we get k^ and kNlT(OH) ^ 

The various resolved rate constants for both systems are 
given in Taible IV, 5. The observed pH dependence of rate for the 


Table IV, 5, Evaluated Rate Constants^ with Alternate Ass ignmait 
of Protons at 25°C and I = O.IM (NaClo^) , 



k?^<°«>T . 4.56 X 10= 

Li 

k^^"^ * 8,0 X 10^ 

.2,37x102 

« 2,2 X 10^ 


.NiHT 

Tj 



3.19 X 10^ 
1.18 X 10^ 



vNiT 

L 
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[h*] Xio^ 



Fig. IV'6 Resolution of rate constants viz.kJ^^L 

j^NHOH)T iqj. DTPA. temp.=:25°C 

and IsO-1M. 'X', Plot of eq.(11) , T, Plot of eq.(12) and |Zy 
of eq.(13). ' ■ ■' ' , 


121 


= 2.61 X 10® 

=2.12x10® 


^ Units ^(¥t»v la text. 

reaction is shov«i in Pig. IV. 7 for HEEDTA and Fig. IV. 8 for DTPA. 
The solid line is calculated from the resolved rate constants 
and relevant pK's* The agreement between theoretical curve and 

'Qi 

experimental points is reasonably good. 

IV. 4 DISCUSS iqj 

It has been reported that the rate of dissociation of nicke 
polyamine cxinplexes"^ is much slower to accoxint for the exchmge 
rate of these complexes with multidentate ligands like aminocar- 
boxylates. Therefore, the presence of aminocarboxylates in 
solutions appears to facilitate the dissociation of Ni(Trien ) . 
Presumably the exchange process takes place through a succession 
of bond formation and bond rupture steps. 

Since the stabilities of nickel complexes of polyamines 
and polyaminocarboxylate ligands increase as the number of 
dentates increases (upto maximum no. of six) nickel (II) in each 


B • NiTrien— DTPA System 


,Ni(0H)T 


k 


. NiT 

Ju 

^NiT 

,.NiT 

^NiT 


» 4.65 X 10' 

* 6,0 X 10' 


» 3.52 X 10‘ 


* 2*55 X 10' 

* 1.05 X 10' 


Logk 
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pH 


Fig. IV'7 Fit of theoretical curve to the observed rate 
constants for HEEOTA exchange with NiTrien. 
temp.s:25®C andlsQ-IM. 
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intermediate species should form as many coordination bonds to 
the two multidentante ligands as steric effects will permit. A 
number of mixed ligand intermediate species may occur in the 
exchange reaction with successive intermediates exhibiting more 
coordinate bonds to the incoming ligand and fewer to out going 
one. 

Structural models show that in forming the first bond 
between the nickel ion (which is initially coordinated with 
polyamine) and an amino^carboxylate ion# a carboxylate donor 
group is highly favoured over a nitrogen due to steric confi- 
guration of the aminocarboxylate ion and the hindered access of 
nitrogen atom to the nickel coordination sites. This preference 
is enhanced by the electrostatic attraction between the carbo- 
xyl ate group and the nickel ion. When one considers the formati 
of second and subsequent bonds# the factors like steric diffi- 
culties and rotational barriers to be encountered for approaching 
the coordination sites on nickel exclude the possibility that an 
aminocarboxylate atom can approach the nickel at the same time 
as the nickel polyamine bond is broken. On the other hand the 
solvent molecules# ih this case water# can rapidly coordinate at 
this site vacated by a polyamine segment. It is# therefore, 
.proposed as suggested earlier*^' that the mechanism of displace- 
ment of a polyamine by an aminocarboxylate molecule consists of 
two alternating steps i cleavage of a nickel-polyamine bond attende 
by r^id coordination by water molecules at the vacated site 
followed by rupture of the nickel-water bond and rapid coordinat 
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of 3X1 oniinocQirboxylatg donor atom 
position favourable for bonding. 


which must arotate to assume a 
These features of the mechanism 


proposed above are presented for HP'B'nmR x. • 

t' s»«ucea tor HEEDTA reaction in Fig. IV, 9. 

The scheme for DTPA reaction will bp u x.i- 

wxix be similar. Here the reaction 


Of only non-protonated reactants has been shown for the salce of 
clarity. Similar steps were considered in earlier reported 
reaction of Ni(Trien) with EDTA^ and Ni(Tetren) with heedta®. 


The pinpototing of the rate determining step poses a 
difficult problem, but this should be one of the following 
processes (a) loss of water^^ or (b) rupture of me talr polyamine 
bond. It should thus depend upon either the rate constant for 
water loss (similar to metal-chelate formation) or the rate 
constant for rupture of the nickel- polyamine bond (similar to 
metal chelate dissociation) , 


The observed rate constant of such a reaction is related”^ 
to rate constant of the rate determining step and the stability 
constant of the Intermediate preceding the rate determining step 
as in equation (14), 


}C IK 


^(n^^ intermediate) 
^reactants 



* m m i 14) 


where K(„th mtemedlete) 


K . K 

polvamine seom^t* aminocarboxylate. segment 


K 


electrostatic 


and k is the rate constant for nickel*-nltrogen or nickel-water 

n ' . 

4-7 

bond breaking process. This has been estimated to be close 
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Flg.lV*9 Proposed mechanism for AminoCarboxylate(HEEDTA) 
exchange reaction with NiTrien. 



127 


to 80 sec-1 Involving k^, k^, k^ and kg where rupture 

of nickel-nitrogen bond takes place. 

A value of 60 X lO^ sec'l has been estimated for steps 
kg# k^# kg etc while for steps k^ and kg where rupture of nickel 
a.guo bon d an d, formation of nickel— nitrogen bond takesplace# it 

is approximately lx 10« sec-1, i^ie^trostatic is taken to be 

7 ■ ■■ ' 

0#1 « As an illustration# the procedure for predicting the rate 

constant for step 3 is out lined below. For this step# 

K , . s* K;^i^dien) _ , ^10,7 

polyamine segment '^i - xu # 

’^emlpocarboxylate segment = 

K » 0 1* K 

electrostatic 'reactant "" 

1 #1 A 4 •• I ' 

k^ * 10 , sec 
n 


Inserting these values in Eq. (14) we get 


10.7 ,.0.7 


^es^t . 


X .10 


10 


10 


13.82 


=3.8 X 10^ 


The values of k . have been obtained from equation (14) 

0Xpv-V 

by a similar procedure for each- of the nine steps proposed in , 
the mechanistic scheme given in Pig. IV.9 aid these are listed 
in Table IV* 6. The cal collated values for DTPA reaction will 
be sanrie and hence are not separately givai. _ ^ 
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Table IV. 6, 


Values of predicted rate' constants 

(]^NiT IJitermedlate .k ) 

V n for possible rate 

reactant. 

determining step. 

Temp * 25°C; K . ^ ^ = 10 “^ ; K 

. electrostatic reactant 

ss 1 X 10 for steps 3^5; 80 for steps 2/4/6 etc. 
and 6 x 10^ for steps 7/8 etc. 


Prom 

struc- 

ture 

To 

struc- 

ture 

. NiT 

K^th 4 ../ 414 polvamine* aminocarboxvlate X ■' 


K 

electrostatic 

(predict^ 

II 

III 

3.3 

X 10^^ 

4.0 X 10 

III 

IV 

2.5 

X 10^^ 

3.8 X 10 

IV 

V 

9.8 

xl0l« 

1*1 X 10 

V 

VI 

7,8 

X 10^^ 

1.2 X 10 

VI 

VII 

1.1 

X 10^^ 

1.3 X 10 

VII 

VIII 

1.7 

X 10^'^ 

1,5 X 10 

VIII 

IX 

2.7 

X 10^^ 

2.4x10 

‘vy 

X 

3.3 

xlO^l 

3.8 X 10 


. „ ^iTrien j^iOAc 

^II " ‘lii 


,, ^iOAG^ 

^IIl" wi ' 


.nl3.82 

'/K „ a 10* .10 .10 ; 

' 6S 

as 


K 


10 .10^* ^^.10*^^; 


IV 


f# 


K, 


^U>ien _KN101y^^^ . 10 

^ien « lo"^*^ 

iCi /l^gg » 

^iEDMAyj^ g, lo'^*^.10^°*‘^‘^.10''’^; 


a lo^-^.io^-^^io"^ 


'VI 

^VIl" ' 


es 


J02.79^1010.44^10.1, 


. .contd. 
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K 


VIII 


K 


IX 


^.NIHEEDTAa, 


es 


es 


lo2.79.iol3.65.io+l, 

102 . 79 _^ 01 ’- 1 °. 10 + 1 . 


(All Stability constants taken from ref. 13) 

Trisn * tfisthylenatetramme/ Dien = d.istliylenetriamine/ 

Gly * glycine; qi * sthylenediamine; EDDA = ethylenediaminedi— 
acetic acid; OAc * acetate; EDMA = ethylenediamineraonoacetic acid; 
HEEDTA * hydroxyethylethylenediamine triacetic acid and 


^ "1 ¥"*0 <3 4 “ 3ft 4 “ 4 Z *' * 

.ft, .ft, kiifi 


Coirparing these value of k (obtained from equation 14) 

with )<^( 2 xpt IV* 5) it can be concluded as was done earlier by 

7 8 

Rorabachor and Margerum and also by Kumar and Nigam that, in all 
prc^bability# the rate determining step is where three nitrogens 
of Trl«m and the acetate of aminocarboxylate is coordinated to 
Ni , A higher rate than obtained from the above calculation was 
obs** rved in case of DTPA. According to Rorabacker and Margerum 
an increase in number of similar donor atoms on the incoming 
ligand should increase the reaction rate. Because DTPA has 
eight donor atoms i an increase in the reaction rate could be 
expected when HEEDTA is replaced by dtpa in the reaction with 
Ni( II) -amine complex. The rate determining step appears to be 
the loss of a water molecule followed by coordination of the 
first nitrogen of aminocarboxylate. 


CHAPTER V 


KINETICS AND MECHANISM OF LIGiU:iID SUBSTITUTION 
REACTIONS OP TETRAETHYLENEPENTAMINE AND TRI- 
ETHYLENETETRAMINE COMPLEXES OF NICKEL ( II) 
WITH 4- ( 2-PyRIDYLAZO) RESORCINOL (PAR) USING 
STOPPED FLOW SPECTROPHOTOMETER 

ABSTRACT 

Kinetics and mechanism of ligand sijbstitution reactions of 
the tetraethyl an epontaroine nickel (II) (Ni Tet) and the triethy- 
lonetetramina nickel (II) (Ni Trien) cortplexes with 4“(2-pyridylaZ' 
resorcinol (PAR, further abbreviated as H 2 R) have been studied 
spectrophotometrically at I = O.IM (NaClO^) and 25°G, In both 
systems two distinct reaction steps are observed. The polyamine 
chelates of nickel react rapidly with Par to form an intermediate 
ternary conplex Ni(Par) (Tet) or Ni (Par) (Trien), which undergoes 
subsequarit unwrapping of polyamine to give the final product 
Ni(Par )2 * reaction follows the rate law; 

d [Ni(polyamintKPaJ^]/dt - k^ [Ni (polyamine)] [par I The formation 
ternary complexes of Ni (polyamine) with Par has been investigated 
under second order equal coii^trs^^&l conditions. The values of 
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soooncl order rate oonstente for Tat . Tria.reaotlons are 
(2.1 + 0.2) X 10^ M-ls-1 ana 7.8 x 10^ M-V^ at pH = 9.0, 1=0. IM 
and tamp. = 25°c respectively. 

The rate law for the secona step is independent of Par 
concentration and written as d[Ni(Par) 3]/at = Ic^LNiCpolyaminej (Par)]. 
Values of ^2 for Trien and Tet systems are (2.5 + O.i) x 
and (4.74 + 0*3) x 10 S respectively. Effect of hydrogen 
ion concentration for both the reaction steps has been investi- 
gated and activation parameters have also been calculated. 

V.l INTRODUCTION 

The mechanism of nickel polyamine formation and dissoci- 

1—5 

ation reactions has been thoroughly studied , Ligand exchange 

in 

reactions involving nickel-polyamines and aminocarboxylates 
have boean investigated and shown to proceed through the formation 
of a ntmtoer of intermediates having both ligands coordinated to 
the central metal ion. These reactions are very sms itive to 
atwaric affects, 

Steinhaus et al.^^ have studied the reaction of 1,10 phena- 
nthrolina and triethylenetetraamine nickel (II) and have demons- 
trated the formation of a mixed ligand intermediate viz. 

NitTrlen) (Phen) In their study* in this investigation the 
kinetics of reactions (a) and have bem investigated to 
obtain a better understanding of ligand sxabstitution processes 
involving multidentat©"*- ligan,dl» ' 
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Ni(Trien)+ 2 Par ——4 NiCPar)^ + Trien 
Ni(Tet)+ 2 Par —4 Ni(Par) ^ +• Tet 


* • • { cl} 

... (bj 


Mixed ligand intermediates are formed as polyamine 
dissociates# allowing the effect of coordinated aromatic nitrogens 
of Par upon the diissociation of polyamine to be investigated and 
interpreted* 

V,2 EXPERIMENTAL SECTION 

All chemicals were of aR Grade, Triethyl enetetraamine 
(Trien) obtained from Pluka and Tetraethylenepentaamine ar(bdH) 
were purified by distillation under reduced pressure and standar- 
dised by pH-metric titration. Nickel- polycsnine conplexes were 
prepared by the addition of a slight excess of a standard solution 
of nickel perchlorate to a solution of polyamine and raising the 
pH to 10,5 by the addition of NaGH. The excess metal was filtered 
off as Ni(0H)« using a 0,22 vm millipore filter, concentration 
of Ni-polyamlne complexes were obtained spectrophotometrically 
by adding excess cyanide to aliquotes of complexes resulting in 
formation of Ni(CN)^’‘ and measuring its absorbances at 267 nm 

^*Ni(CN)2* * ^ ^®Ni(CN)2~ = 4.63 x 10^) 

The mono sodium salt of 4-(2-pyridyl azo) resorcinol obtained 
from Reidel# Germany was used after recrystallisation from aqueous 
ethanol. Sodium tetraborate AR (BDH) and Boric acid AR (BDH) were 
used# wherever indicated# to prepare buffers of desired pH values. 



sodium perchlorate ar (e n^rck r 

ionic otronoth « * ®^any) was used to maintain 

ionic itrungth of solutions at o.w. 

All absorption measurements were m a 

Scootroohotnm,.- , ® Toshnlwal 

spectrophotometer (Beckmann bg ^3, model RB-oa which was 

equipped with a thermostated cell comn r 

rnpartment. a stopped flow 

apect^photometer ™,del SE-3A from Hitech, England coupled wit 
an hClL storage oscilloscope model os-iaes was used to record 
kinetic traces for studlng fast reactions. A Polaroid cmnera 

was used to photograph these traces. An Eiico Pigitai pH mete. 

model LI -.120 was , 

was used to record the pH of solutions. 


MBASU]^RMRKr'T».q 

The kinetics of the ligand substitution reaction betwee. 
the nickel conijlex and par was^,studied at 495 nm ( A of ni(i 
under pseudo first order conditions and pseudo first"'^er rat* 
constants were calculated from plots of log (Ar„ ^ -^t ^ vs t . 
The conditions for e^eriment were pH = 9.0, i = 0,m (klcio’) 
and temp, » 25° or 30°C. ^ 


results 

Mgand substitutio n Reaction of NiTet^"^ with Pa 

Uhder the ejipariraental conditions stated above nickel and 
par form a li2 conplex, Ni(Par) 2 . The dominant species of Par 
batwean pH 7 to lO is th® moneprotpnated species hr“ as is 
evident from the values of protdnaticai constants of par^^. 


The 
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molar absorption ooaffioients of NKParj^ and Hpar at 495 nm 

aro 8.1 X 10“ and 1.6 x 10 ^ respeotlvelyl2-13_ par In a 

sufficient excess over the nickel complex so that the reaction 
can ba regarded as pseudo first order in NiCTet)^"*"^ plots of 
logCAoo - ) vg t gave two distinct portions. A typical plot is 

given In Pig. V.l, The first part is due to a faster reaction 
and second due to a slower one. Extrapolation of the linear 
portion (due to slower reaction) to zero time gives an absorption 
^i higher than what would be expected immediately after 

mixing the reactants. This points to the formation of an inter- 
mediate during the course of reaction and the first steep portion 
of the curve indicates rapid formation of this intermediate. The 
pseudo first order rate constants for the faster step were 
calculated taking A^f obtained ^ove, as A„ for the faster step. 


Thereafter# the fast reaction was studied under second 

order equal concentration conditions on stopped flow spectrophoto- 

meter. Rate data gave ’excellent second- order plots of (a^ -A.^) 

^ dcnriHaUe/y 

y t (Fig. V,2).^ This indicates first order dependence with 

respect to both Par and NiTet conplex and points .to the formation 

of a mixed ligand conplex i.e. Ni(Tet) (Par) with the 

rate law : 


d [Ni(Tet)(Par)] 


dt 


» k [NiTet [Par]^ 


... ( 1 ) 


whereLNi Tet]^ and represent the total c^cen- 

tration of protonated ^ 
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V.1 Plot of a typical klntlto run for the reaction of NiCTet)^"' 
with par. |Ni(Tet)^^|| «i|-dx‘K5*® M, [ParJi-r 5*0x 10^^ M. 

V temp.x25®C, ' . 


:<. 6 


Time (Sec.; 


Fig. V*2 Second order plots for the formation of Ni(Tet)(Par) 
at different temperatures. A plots of [Aqo-A^]"^ Vs t 
[Ni TetJ = pH = 5-0 , 1 =e.] ri 
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Par respectively, m farther treatment Par is further abbreviated 
as HgR. ; 

V.4.2 Effect of pH | 

A series of kinetic runs were taken in a large pH range 
in order to determine the effect of hydrogen ion concentration 
on the fast reaction. It was observed that the rate increases 
with increase of pH above 8.5 (Table v.i. Fig. v.3) . Assuming 


Table V.l. 

Effect of pH on the formation of mixed ligand 

ternary conplex Ni(Tet) (Par)* 

3"^** c 

[Ni(Tet) ]t* [Par]T= 1.5 x 10“^M, l = O.IM/ 

temp, ■ 

pH 


lO"’'^xk2sM“^S“^ 

pH 


7.5 


1.18 

9.52 

2.4S 

8.1 


1.20 

9.90 

3.24 

8.63 


1.23 

10.40 

8.80 

8.74 


1.37 

10.55 

11.2 

8.9 


1.40 




* under second order ecjual ccaicentration conditions . 
the existence of protonated and nnprotonated forms of Par 

(Pig. V,4) aid Ni Tat £Pig^ V,5), the following rate equation (2) 


is postulated 




NiTet 
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Fig. V - 3 Fit of theoretical curve to experimental rate 
constants for the reaction of NITet with Par. 
temp. X 25°C and I = O-IM. 



% i^^^ecies Distribution of Par’ 
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Fig. V-4 Species distribution of Par as a function of 
pH ; [par] = 5-0 x10"® M. 
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or 


rata > k^Wet^ [NiTet]^ [r']j, 

’ ■<’'r * V ■'hr [■■^]> [i^-] 

It NiTet ^ [ NiTet]^ [R] 

''''' ' [NlTet^+] ■ [r2-] ' ’'r ■■■ ■'hr "S® t''"*'] 


... ( 2 ) 

... (3) 


whore 


and 


[NiTet], 


[NiTat^^] 'NlHTet 

= 1 t Khr [H+] + 




[h+3 


HR ^H2R 


[h^]' 


A plot Of left hand side of equation (3) versus [h^ 3 gives 
a straight line (Pig, V,6) with an intercept = 7.7 x 10^ 

and a slope « 2.2 x or k^^^^ = i.i x 10^ The 

solid curve in Pig, V,3 is calculated from the resolved rate 
constants and relevant pk's of the reactants. The agreement 
between the theoretical curve and experimental points is quite 
good* / ' / 


V*4,3 Effect of Tamperature 

The activation parameters for the faster reaction were 
calculated from the Arrhenius plot in the terrperature range 
25® - 45®C and are given in Table v.aiA. 






fig. V*6 Resolution of the rate constant for the 
formation of Ni(Tet)(Par). temp. =25 
and I = 0-1M. 
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Table V. 2. Effect of tenpereture on the reaction of Par with 

NKtetren) coinplex. 


pH * 9*0+0«l (Buffered with Borax-Boric acid) ^ 1=0 

Pormation of ternary conplex 

B. 

Formation of Ni(Par) ^ from 

Ni(Tet) (Par) 


z 

Ni(Tet) and Par 

i2(Hh 

[NiTet ]i,-[Par]j, - 


NiTet ]„=2-.0xl0“^M, 

>•1 


.Par] = 1,0x10“4m. 

E m 11,4 kcal f'ToA' 

a 


E-^ = 14.2 kcal 

a 

Ai/ *10,8 kcalhi^^"* 

AH^ = 13,6 kcal 

pZ » 6.5x10^^ cm*"^ 


5 -1 

pZ = 4.35x10 cm 

« 2.2 e.u. 

AS^ = -37 e.u. 


V.5 conversion of Hi(Iet)Par into Hl(Par)^ 

The slow reaction between Ni(Tet) (Par) and Par was studied 
at various par concentrations under pseudo first order conditions 
and it was observed that the reaction is independent of Par 
concentration and is first order in Ni(TetXPar) in accordance 
with rate equation (4). 

^ = ^2 [Ni(Tet)(Par)] ... (4) , 

dt 

All rat© constants along with reacticxi conditions are given in 


Tflb'l'S' V#,3 
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Table V.3, 


First orxier rate constants for 
NKPar)^ from N±(Tet) (Par) . 

[NiTet ]j,Bi (2-5) X pH^ 


the formation 
= 9.0 + 0.1^ 


1 • 0,1M (NaClO^), tenp, = 25°C. 



10 ^ [ParL , 

M ^ 

10 ^xk^ , 

^bsd 

lOx [Par]^, 

M 

lO^xk., , 
obsd 
s~i 

8.0 

5.30 

4.0 

4.50 

7.5 

5,20 

3.0 

4.60 

6.0 

4.78 

2.5 

4.60 

5.0 

4,60 

2.0 

4.50 


^obsd^®"^^ 

= ( 4.74 + 0.3 ) 

X lO”^ sec" 


a. Borax-boric acid buffer. 


V*5,l Activation Parameters ■ ■ 

Activaticm parameters were also calculated using Arrhenius 
plot in the tenperature range 25°-4C°C cOid are given in Table V. 


V.5.2 Effect of hydrogen ion concentration 

The reaction was studied in the pH range 7-10 and it was 
observed that the rate Increases with decrease of pH below 8, 
(Table V.4, Fig. V.7). This behaviour may be due to higher 
dissoclatim rate of protonated form of Ni(TetXPar)cQirpared to 
that of unproton ated one* g^etally true for many 

' V . ^ *v ' a'!' ' ' ' 

protonated <x)wplexes. ^ ^ 


•• 
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Table V.-l. Effaot of pH^ on the firet order rate constants for 

the formation of Hl(Par) , from Nl(Tet) (Par) . 

24 " ^ 

[N±(Tet) ]^S= 4.15 X lOM®, [Par]^ = 1.0 x 
I* O.IM (NaClO^) ; temp. = 25 + O.l'^C 


pH 

lO^k . . , 

obsd * 

3. 

sec 

pH 

“*^obsd' 

sec”^ 

6.98 

17.3 + 

0,4 

8.20 

4.6 

+ .05 

7.10 

13,0 + 

mm 

0,1 

8.55 

4.5 

+ 0,2 

7.25 

9,9 + 

.05 

8.80 

5.0 

+ 0.1 

7.40 

7.7 + 

0,1 

9.00 

4.9 

+ 0.1 

7.85 

6 « 6 4* 

mm 

0.2 

9.15 

4.6 

+ 0.2 




9.80 

5.0 

+ 0.1 


a* Borax-boric acid buffer. 


■ ■ ' 24 “ ' 

V#6 Ligand Stjbstitution Reaction of Ni(Trien) Complex with Par 

Two distinct steps were observed again in the reaction of 
par with NKTriasi^"^ , in the case of Ni(Tet) . The first is the 

formation of a ternary coitplex^ Ni(Trien) (Par) / which is first 
order with respect to both NiCjTrien) and Par studied under pseudo 
first order conditions (Table V.5) and also imder second order 
eq[ual csoncentration conditions cxi a stopped flow spectrophotometer 
(Fig.V.S) . The second step in, the reaction is the conversion of 



40 °C 


35 “C 


30 °G 


25 ‘C 


0L_J 1 L. 1 1 1— — J 

0 2 4 6 8 10 12 

t (sec.) 

Rg. V'6 Second order plots for the formation of 

[Ni(trien)(Par)| at different temperatures.^ Plots 
of [A'„-AtJ-' VS t.lM'tvi.n.J = [P.rJ=.50.J0- 
f)H =9'0, I = 
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Table Effect of par concentration on the foxmation of 

N i (Trien) (P^ar) , under pseudo first order conditions . 

[Ni(Trien) Ij, a ( 2-8 ) x pH = 10,6, ten:p.= 30 °C, 

I* 0 , 1 M (NaClO^) . 


10^ X [Par]^ ,M 

■ 

io”^,m“'^s”^ 

10.0 

8.10 

8.10 

7.50 

6.50 

8.66 

6.0 

4.71 

7.85 

5.0 

3.90 

7.80 

5.0 

3.85 

7.70 

4.0 

3.30 

8.25 

3.0 

2.40 

8.00 

2.0 

1.70 

8.50 

1.0 

0,80 

8.00 • 


kn^"T (av) = (8,10 + 0.32) X 10'^,M“^S“^ 


mixed ligand complex, Ni (Trien) (Par) , to Ni (Par) 3 which is first 
order with respect to Ni (Trien) (Par) and independent of concen- 
tration of Par (Table v.6), 

V,6.1 Effect of..P.i 

Formation of the ternary conplex was studied at various 
hydrogen ion ooncentraticxi^ and it was observed that the rate 
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Table V.6. First order Rate Constant for the Formation of 

Ni(Par) 2 from Ni(Trien) (Par) . 

[Ni(Trien) = (2-5) x pH^ = 9.0 + 0.1 

I • O.lM, teitp. = 30*^0. 


10^ X [Par]_, 

M 

10 X k , ,, 

obsd 

sec“^ 

9,0 

2.45 

7.5 

2.50 

6.0 

2.40 

5.6 

2.60 

3.5 

2.60 

2 • s 

2.40 


kobgd (av) =( 2.5 + 0,1) X 10“^^ sec"^ 


a. Borax- boric acid buffer. 


increases with increase of pH above 8,5 (Fig. v.9. Table v.7) . 

The rata equation for the formation of Ni(Trien) (Par) is given by 


« k^^T [NiT]^ [Par]^ 



wh©r© NiT r©pr6S©3^ti, Nick0l*^TriBn cO'itipl^x. 
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Table V.7. Effect of pH® on the formation of ternary corrplex 
Ni(Trien) (Par) 

[Ni (Trieni^'^J^* 4.0 x 10“V [Par]^ = 4.0 x lOlf/ 
1 * O.IM, temp, = 25°C 




V 



pH 

^obsd 

._NiT^ obsd 

jVq X — 


6.4 

0,090 

2.25 

X 

10^ 

6.7 

0,08 

2.00 

X 

10^ 

7.1 

0,09 

2.25 

X 

10^ 

7.5 

0.092 

2.30 

X 

lO^ 

8.1 

0.086 

2.15 

X 

10^ 

8.37 

0.11 

2.75 

X 

103 

8.7 

0,19 

4.75 

X 

10^ 

9.1 

0,30 

7.5 

X 

10^ 

9.42 

0 . 44 

1.10 

X 

10^ 

9.7 

0.69 

1.72 

X 

loV 

10.00 

1.49 

3.72 

X 

10^ 

10.53 

3.30 

8.25 

X 

lo'^ 

11*0 

5.28 

13.2 

X 

10^ 


ft» Borax boric acid buffer. 
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The right hand side of above equation oan,by making use 

Of protonation constants of Par and stability constant of HlT(OH), 

be equated as ■ 

k^'^T [NiT]j, [r]^ = [h^r] ^ [HRlbil^ 

4M ^ 

+ [HR^l[HtT(OH)] + k««(® [R^[NiT(OH)] 


+ [NIT [R^l 


.. ( 6 ) 


In the pH rfsnge 6»7*5# calculations for species distribution 
(Fig, V.4 and Pig, IV, 1 suggest that the terw -cewtaining 
NiT(OH) and R can be neglected and equation (6) transforms 
to equation (7) or (8). 

k^«T [NiT]j [R]j . 4“ [HjR] [Niri t k^^ [HR‘^[Ni^:l 

... (7) 

... ( 8 ) 


Equation (8) can be rearraiged to equation (9) 

.L.._ _ K Th’^ 

^ [r2-]’ [h"]‘ W ™ ^ ^ 




... (9) 


The plot Of left hand side of equation(9) vs [H"^] yields a 

NiT 15 

itraight line (Pig.V.lO) with an intercept =1^ Kj^= 4. 56x10 

and »o # • 2.28 x 10^ 




{Hixio’ M 


Flg.V-10 Resolution of th^ rate constant viz 

and for the formation of Ni(Trien)(Par) 
temp. a35°C and 
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and .slope . „ 1.69 ^ io 21 

*1 2 

Between pH 7.5 and 9.0, where hr'is the only lirportant , 
reactive specie (Fig. v,4), the term can be evaluated- 

by apply Jjrig correction for as 

[NiT]^ [R] 

... ( 10 ) ; 

Dividing by [h"*"] throughout^ 

r„+n ,NiiL 

\ ■ [nI?^ * ■ [H-^] ■ ‘^2R*’^LH J+ 


.NiT(OH) „ ^iT 4. 1 

^ ^HR ^iT(OH) ^ *’ 


( 11 ) 


k ■ K 


NiT(OH) 


5l. ^ScoH, ^ ^ 


... ( 12 ) 


Where A represents left hand side of Ecyi, (ii) . The plot 
of a' vs 1/[H'^] yields a straight line passing through the origin 
(Pig. v.llK)with a slope equal to 


• 5® ■<SiT(0H) S 


ss 1#86 X lO 


and so • 2*95 x 10^ 




j^NiT(OH) formation of Ni(Trjen)(Par)j temp.=i5!°C 


and I sO*1N. 


HR '^NiTiOH) * 
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Above pH 9, the other two terms of Ecjn. 6, can be obtained 
from Un, data at higher pH value by correcting for the contri- 
bution of protons using equation (6), which can be transformed by 
algebraic manipulation to equation ( 13 ) as 


Him [nitL [r 1 


‘ C ■'h n 


[h+ f + k;^*K 


[NIT^+J [b-2] 


.NiT., 


hrI^^ ] 

K 

iT(OH) 

(13) 


or 


B ««• k. 


NiT(OH) 

HR 


K 

*liR ^ 




iT(OH) w “ 


■R 


iT(OH) W£j^+2 


... (14) 


N iT 

where B » — 

'*? [NIT''""] [r'"-] 


. +^2 

2+t • rn2«i ^^R ^^R HR I i 


ll 


, NiT r +, 

^R %R* L” J 


(15) 


and - [0H-] [H+] . 

Thus a plot of left hand side of equation (14) vs 1 /[h‘'’] 

NiT _6 -1 —1 

(Pig, V.llY) gives an intercept kj^ = 8,12 x 10 M s aid a 
slope \ “ 

^NIT(OH) . ^ 10^ H'h-K 

All the resolved rate constantsobtained from the treatment 
described above for Trien retc^ion' are in Table v.8 which 

also includes values for 
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Table V.8. 


Ni{Trien) - 


. NiT 

if m 

-NiT 

ic. ■ 

HR 

^NiT(OH)_ 

^HR 

.NiT (OH) 

K,, ■ 


k 


NIT 

R 


Resolved Rate Constants for the formation of 

Ternary Complexes, temn ~ ocpn ^ x 

i' remp. = 25 C and I = O.IM (NaClO.) 


Par system 
2.67 X 10^ 

2.28 X 10^ 

2.95 X 10^ 

2.67 X 10® M*V^ 
8.12 X 10® 


Hi (Tet) - Par system 


, NiTet 




"w 

1.1 

1 

0 

H 

H 

(D 

ft 

it 

7.7 


-1 -1 

0 

( 

M S 


Figure V.9 gives a plot of equation (6) using the above 
resolved rate constants. The good agreement betweei theoretical 
curve and experimental points gives confidence in the values of 
resolved rate constants determined by the procedure described 
s^bove. 

V,7 Formation of Hi (Par) 2 from Nl(Trien) (Par) ; 

Jli , 

The formation of Ni(Par )2 from Ni(TriQi) (Par) was studied 
under pseudo first order ccsiditions at differaat hydrog^ ion 
concentrations. The rate constants obtained at various pH values 
are given in Table V,9. The effect of was found to be 


negligible. 
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Tabl© V.9, 


Effect Of PH on the Formation rate constant for 

Ni(Par) 2 from Ni(Trien) (Par) . 

[Ni(Trien)^'^]^* 2-5 x lOlf- [Par]^ = 1.0 x 10“^ M,- 
I * 0«1» temp, = 30°c, 


pH 


6.7 

7.2 

7.7 
8,1 
8,4 
8,6 
8.9 

9.2 

9.7 
10.4 


^obsd 


2.4 

X 

10” 

2.5 

X 

10"^ 

2.4 

X 

lO”'^ 

2.2 

X 

10“^ 

2.7 

X 

lO”"^ 



-4 

2.6 

X 

10 

2.7 

X 

lO”'^ 

2.0 

X 

lO”'^ 

1.7 

X 

lO”'^ 

1.9 

X 

lO”"^ 


v.7.2 Effect of TOTperatm 

Activation parameters for both reaction steps were 
calculated using Arrhenius plots and are given in Table v.io 


X60 


Table V.IO. Effect of tenperature on the reaction of 
Ni(trien)2%ith Par at pH = 9 0, l-.O-l M. 


A. Formation of ternary cortplex 
Ni( trial) (Par) . 


Ti**' wm 

a 

14.1 kcal het 

Air m 

13*5 kcal 

1 

m 

m 

6*5 o.u. 

■ 

1.7 X cm* 


B. Formation of Ni(Par) 2 from 
Ni(trien) (Par) . 

= 12.5 kcal ^ ^ 

= 11.9 kcal 

= -37.7 e.u, 

tz = 4.12 X lO'^ cm"^ 


V.8 DISCUSSIOI 

It is proposed that the ligand siibstitution reaction of 
motal-polyamine chelates with Par proceeds through the formation 
of a stable reaction intermediate in which the metal ion is 
bonded with both leaving and the Incoming ligand. It has been 
shown that a sinple water loss mechanism via formation of 
an outer-sphere conplex is operative during the formation of 
temaiy complexes in many systoons involving nickel as a central 
metal ion and the loss of first water molecule is the rate 
determininfj step* Tet and Trien are pentadentate and tetradentate 
respectively* The available coordination sites in the NiTet and 
NiTrien conplexes are at least cne and tw respectively. The 
rate determining stap i\) ot first'stage of the ligand 
substituticm «iacticais reported ^ 
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water molecule coordinated to the nickel complex. Par is a 
tr.icientato‘ ligand being coordinated to nickel ion to form two 
£ ivtj-mumJ:>ered chelate rings^”^. Therefore, it is reasonable to 
expect that there should be dissociation of at least two donor 
sites of coordinated ligand In the case of NiTet and one in the 
case of NiTrien complex before the incoming ligand can coordinate 
to thcj metal ion, 

Thu kinetic behaviour of above said reaction (i.e. forma- 
tion of tomary conplexes) can be assumed to follow the general 
mochmilam for metal-ligand complex formation as formulated by 
Elgon • The nickel-polyamlne conplex ion and the entering 

ligand .HPar* are in rapid equilibrium with an outer sphere 
complex in which the entering group occupies a position in the 
coordination sphere and the rate determining step is the loss of 
a coordinated water molecule. 

NKTrlwi) + HSar" Nl(Trlen) HPar" 

Ni(Trien) (Par)+C6*^2® 

w’hore is the eguilibrlm constant for the outer 
sphere association, n Is the nuo*)er of bonding sites of polyamine 
and is the rate ccmstsn'^ polyamine nickel (ii) 


ccmplex-water bond. 
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Th« observed formation rate constant 


is then given by 




... (16) 


The value of the outer -sphere complex equilibrium constant K 

O' s 

depends on both the size and charge of the substituting ligand 
in accordance with the expression 


K 


OS 


4 It N-a*' 



3000 
2 


whoro 


and 


a D 
.8tf N 

« - { ^ 


a 


•U(a)/kT 


1000 DkT 


•) 


Z»Z„e tc 
A B 

D ( 1 + ic a) 

1/2 


... (17) 

... (18) 

... (19) 


In these equations is the Avagadro' s number, 'a'is the 
distance of closest approach of the two reacting ions (in cms), 
k is tho Boltzmann constant (in ergs) , T is the absolute tarpera- 
turo, G is tho charge on an electron (in e.s.u), D is the bulk 
dioioctric constant, I is the ionic strength and and Zg are 
the charges on the metal complex and the ligand respectively. 
Various values of *a' have been used by different investigators 
in the reaction systems studied by them. For example, Gordon 
et ai.^^ have used values between 3.5-5A° for reaction of Ni(H20)2‘ 
with some neutral ligands, vtdle Cusumano^^ used a value of 6A° 
for coroplexation of nickel (II) in nonaqueous solvents with some, 
azo dyes. We have mad® use of i, value of 6A° based on reasonable 
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oittlmnfMU, Th« values of water exchange rate for NiTrien and 
NiTiit detumtnud by Hunt et are (5.7 + 1.6) x 10^ s“^ and 

(112+22) xlO S per water molecule respectively. The 
values of rate constants calculated from equation (16) for the 
reactions of NiTrien and NiTet^'*’ with hr“ are 2.1 x lo'^ 
and 4 • 1 )C 10 M S r^spsctively- compared to the experimentally 
ubfiurvud values of 2.28 x 10^ and 1.1 x 10^ for 


NiTrien 

TiR 


NiTet 

and respectively (Table v.s) 


Par contains a pyridine ring and a phenolic ring and 

may well exort steric effects on the coirplexation process. A 

situation may also arise where the ring closure makes a sufficient 

contribution towards the rate determining step. This situation 

was first observed in the reactions of Ni(li) and Co(ii) with 

24 25 Nip 

l-alanine in water ' • The lower values ofK^^j^ for reaction of 

Ni(ll) complexes with Par compared to that of water exchange per 
moleculo can be interpreted by as sxaming that these reactions are 
stcirically controlled. This assumption is supported by the fact 
that rincj closure Implies breaking of the strong Intra molecular 
hydr<J<jcin bcmd^^^® between the orthophenolic proton and the azo-- 

nitrogond) • 
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The activation enthalpies are li kcal and 13.5 kcal for 
Ni(Trion) itftd Ni(Tet) reactions respectively. They are conp arable 
tu AH fur water exchange at nickel (ii) for which several values 

have boon quoted but two typical values are 12.1 + 0.5^^ and 

30 -1 ' ” * ■ 

13,8 kcal mole . These are also comparable with values for 

tha ruaction of S-nitrosalicylic acid with NiTrien. and N-iDien 
for which are 11,3 ^ and 12,5 + 1.5^^ kcal mol*" ^ respectively. 

Also, the AS^ is slightly positive reflecting the greater desol- 
vation associated with the charge neutralisation which occurs 
during formation of transition state between two charged ions, 
viz, NiTrien^*'' or NiTet^* and HR“ than between nickel con^lex 
and neutral Incoming ligands, 

'Ph© second stag© of reaction involves the formation of 
Nl{Par )2 accompaniedby dissociation of ternary complex, 
Ni(PolyamlneXPar), The experimental data for this reaction show 
that tho rate determining step for this stage Involves dissocia*- 
tlun of polyiOTine prior to the addition of second molectile of 
Par# foucauae no dependence on Par has been observed for this 
stage, 

Tho increase in rate of dissociation of polyamine for the 
second step of ligand substitution process in case of the (NiTet) 
conplax with decreasing pH points to the active role of protons 
in assisting dissociation of the leaving ligand in the complex. 
Since proton transfer is very rapid compared to other reaction 
steps the proton is in equilibrinm with the'protonated inter- 
mediate Ni(HT*tHPar) preceding '■ - 
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proton bound to tha leaving group facilitates the dissociation 
of tho leaving group as observed for ligand substitution 
reactions of NiTrien with Phen^^ in the pH range 5-6.8. The 
dissociation of Trien in Ni(TriQi) (Par) was studied between 
pH 7-10.6 and it was found that the dissociation rate remains 
almost unoffected by change in hydrogen ion concentration. This 
may bo due to the fact that in this pH range, the reactive 
specios of Hi (Trien) complex are Ni (Trien) and NiTrien(OH) which 
on reaction with Par give Ni (Trien) (Par) and no proton is invol- 
ved in it® dissociation followed by reaction with HPar“to give 
Ni(Par )2 as th© final product, 

Th® values of for the first stage of reaction are 

slightly positive but for the second stage are highly negative (Ta- 
bl© V,2&V, lOlTet and Trien are pentadentate and quadrldentate 
respectively while Par is tridentate. During formation of the 
ternary cosplex Ni(Polyamine) (Par) some binding site of polyamine 
would remain uncosplexed causing some Increase of disorder 
accompaned by small increase in aitropy. During the second 
atago. however, th© partly chelated ligand viz .polyamine disso*- 
ciatos completely during the formation of activated con^lex to 
give a more orderly octahedral configuration NiR.3H20 accounting 
for th® large decrees® in entropy reported in Table v.2 & v.io. 
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The revorst, reaction between Ee(CN)5(OH)3- ^na edta shows an 
Invorau (Irot order dependence In cyanide along with first order 
dopondonoe each in PaCCMjgCOH)^- ^nd edta. a five step mechanism 
is propos.jd for the first reaction which is consistent with all 
the ej^orimontal observations. The second and third reactions 
aro also examined at some l^gth. 

Vi.l INTRODUCTION 

Ih© sutostitution of multidentate ligands in thein coirplexes 
of metal ions by monodentate ligands has evoked the interest of 
many workers* The polyemdnocartooxylates of Ni(ii)^^ Co(il)^'^ 

4 

and MnClIl) have received attention for their exchange reactions 
with a potwtiai monodentate cyanide ion as an incoming ligand. 
Results of studies on substitution reactions of Fe(Il) complexes 
of 1#10 phenanthrolin© * aid 2# 2' bipyridyl with cyaiide ion are 
also available. However, no investigation h^ so far been r^or- 

ted daout the reaction of amlnooarboxylato complexes of Fe{ III) 

★ ' 

with cyanide ion. 

In this investigation the kinetics and mechanism of the 
react of cyan Id® ion with ethylenediaminetetraacetato- 
forrate(IIl) coitplex is reported which may leadto abetter under- 
standing of the Interaction of biologically lnportant Fe(lll) 
complexes with the highly toxic cyanide ion. 

The EDTA complex of Fedll) Ys^EDTA) is believed to 

be a seven coordinated species 'iwntog molecule in the 
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oolid Mtatn M wen as In neutral or acidic media^ m presence 
of a b.«o it loses a proton to give a hydroxo species FeY(OH)® 

which i.-. reported to be a stable species In the pH range higher 

thayti 9, 

VI. 2 EXPERIM.ENTAL 

DisexUum salt of ethylenediaminetetraacetic acid ar(bdh) , 
Fiirrlc Nitrate (Thomas & Baker), Sodixim cyanide m & b Ltd 
(Knniiind), rtudlum perchlorate E. Merck (Germany) and sodium 
ferricyanida GH (SDS) were used for this study. Pentacyano- 

(aquo) larratodll) was prepared from sodium nitroprusside AR(BDH) 

9 

by a method described in literature • On passing ammonia, under 

♦ 

specified conditions pentacyano(arnmino) ferrate (II) crystallised 
out# On dissolution in water, ammonia was replaced resulting in 
the formation of pentacyano(aquo) ferrate (II) . This was oxidised 
to pontQcyanoC aquo) ferrate(III) using hydrogen peroxide and 
fchun u?iod for the study of reverse reaction. 

Ferric perchlorate was prepared by dissolution of a 
prerlpitiite of Fe( 0 H )3 in calculated quantity of perchloric acid. 
Porric perchlorate thus prepared was standardised complexometri- 
cally using sulphosalicyclic acid as an indicator and used for 
prqf)aratiC8i of PeY(H20)c!OiTpleXf To ensure conplete formation of 
PeYdljO) an amount of BDTA 10% 1 b excess of stoichiometric 
r«quln»»nt was mixed with £.rric perchlorate. Sodioin cy»Me 
was standardised aiflantometrloaiiy^^., .J^rohloric acid or sodium 



VI. 2.1 to^ratus 


A roiihniwal Spectrophotometer Model rl -02 attached with 
a circulatory arrangement for thermostating the cell corrpartment 
was usad for kinetic study of this reaction. An ultracryostat 
model 2NBE (GRD) was used for maintenance of desired tenperature 
within +0.1 C# Cary 17 D spectrophotometer was used for time 
acaiinlng of the reaction. All pH measurements were made on an 
Eiico nirjitttl pH meter (Model Ll^iao) using BDH standard buffer 
jjoluttonin for standardization, ■ 


VI. 3 KPIETIC MEASUREMENTS ’ 

The eKchango reaction of PeY(OH) with cyanide was followed 
at 39S mn ( of Pe{CN) e « 1740 M"^) at pH = 10.5/ 

I ■ 0.25 M(NaClO^) and torp. ■ 25°C. The exchange reactions 
wore run In presence of sufficiently large excess of the incoming 
ligajsd viz, cyanide. The pseudo first order rate constants were 
calculated from plots of ln(A^ - A^) vs trover 70% of the 
reaction. Th© A. value used for pseudo first order plots was 
a theoretically calculated one supposing that the reaction goes 
to eom|)l©tlor» for the formation of Pe(CN) ^oh) This had to be 
dan© foecauso after a certain concentration of Pe{CN) 5 (OH) builds- 
up acconilmj to equation (1), the eame is converted to Fe(CM)|“ 

according to equation (2). 

... ( 1 ) 


FeYCOH)^* + 5 CN* ^ Pe(QI)g'CCH) + 






... ( 2 ) 
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Tha ravorsa reaction was followed at 395 nm ( \ of 

# , s ^ %m ■ rnax 

Fo(CN)j_(OH) ) taHtag PaCoD^COH) and excess EDTA as reactants 


VI* 4 iiEaiJLI'S 

The ieYCH^O) prepared by adding 10% -excess of edta to 
FwClJDlis present as PeYCOH)^- at a pH higher than 9. Uncier psetadofirs^^^^ 
oaitir condltlona and at pH - 10.5 the reaction was found to be 
first order with respect to metal complex and exhibits a variable 
order with respect to cyanide. The pseudo first order rate 
constants at various cyanide concentrations are given in Table VXi 
A plot of log YS. [CN"]|Fig,VI.l) shows a variable order 


Table VI, l. Cyanide Dependence of the observed pseudo first 
order rate constants for the reaction of cyanide 

ion with FeY(OH) . 

2 - 4 

[PoYCOH) ]y- (3-6)xl0*'% pH = 10.5/t^. = 25°C. 
1 -0.25M (NaClO^) 


10^ X [onT^m 

2* St 

3.5 

4,4 


5.0 

6.5 


’^obsd' 


-1 


1.62 X 10 
5.25 X 10“^ 
1.02 X lO"^ 
1.72 X 10”^ 
2.65 X lO"'^ 

'con td. - 



cyanidt ion with Fe(EOTA)OHj 

[F*(EDTA)OH] . (3-6) x 10** M, pH=10.5. temp.= 
ond Ib0*25M (NpC(04)* 




7. <4 
10. 0 
1 2* S 
I'S.O 
20.0 
2rs,o 
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4.26 X 10*“^ 
5,94 X 10“^ 

1.10 X 10"^ 

1.26 X 10“^ 
1.74 X 10"^ 
1.93 X 10“^ 


in cyariido varying from one at high concentration to three at 
low cyanide concentration. This result points to a step-wise 
displacement of EDTA by cyanide ions. Similar observations for 
itepwlae displacenwit of outgoing ligand were also made by 
Marge rum et al.^ and Nakamura^ while studying the exchange of 

acwi© aminocarboxylates on their Nidi) and Co(li) complexes by 

4 

cyanide ion, and by Nigam et al. later for exchange of other 
polyamlnocai±>oxylates of Ni(II) with cyanide ion. 


of forward Rate on pHt 


The forward reaction was studied in the pH range 9-11 
and th© rate was foiand to increase with an increase of pH 
d'ttblo VI. 2). This increase to rate constant cannot be accounted 


for by difference to reactivities of CN* and HCN alone as reactive 
nucleophiles. Neither is it pos*ible"'^'to ..j^solve ‘rate^ constants , 
kj^ and k^ for the two reacttote 'the ' complexity 
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TtihliJ VI* 2. Kffoct of ion 

iun concentration on the reaction 

of FcY(OH) and cyanide ion to form Pe(CN) g(OH). 

[Fey(OH)^ ]« 5 X 10"V [CN- Jz: 0 , 2 m, 

1 »0,25M (NaClO^), temp, = 25°C. 


pH 

k , S”^ 

obsd' 

‘>.3 

5.7 X 10~^ 

9.6 

3.7 X 10“^ 

9,9 

8.9 X 10"^ 

10,1 

1.97X 16“^ 

10.4 

4.6 X 10"^ 

10,1 

1.25X 10"^ 

n.o 

1.78X 10"^ 


arlaliKj out of subsequent reactions involving the conversion of 
Fo(a^) (OH) to F@(QJ)|* and the reduction of latter to Fe(CN) 
which highly [0H“ ] dependent^ 

vuo Thu KtoetAg s of Reverse Reaction; 

3— 

Th© reverse reaction was studied taJcing Fe(QT)^(OH) as 
a roactant. A large exc«?.s of BDTA had to be used to drive 
the reactlcm and tli® reaction rate was foupd to be very slow. 

This is not un®)q?eeted because the estimated value. stability 
conatant for Fe(CN)^i$ is BW€^'Mfhef^^]:,the st^Hity constant 


^ VO 
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0£ FcVCOH) (lofj a -31.0^^ u 

“revrOH) ’• Although the stability constant of the 

former Id not knovm.lt is exoeoted to >,= 

> » ejqjec-cecl to be smaller than the $ 

of (Ion a » ^ 

(. '‘■9 Bg - 43. a ) but not too small. Further, the 

ruactiori ui HKCN) ,(OH)^' with Rrwi . , 

S'oro with EKPa was found to be first order 


each with respect to Em and FeCCNjjOH^'- and showed Inverse 
first order dependence in cyanide. The following Integrated rate 
OMd«ti<» (3) which reflects Inverse first order dependence in 
cyanitlo, was used to calculate the reverse rate constants 



Ai.) + Aj 


K 

In t. 

h 


el 

T Aibsd-’^ 



whuru ■ Initial absorbance, » Absorbance at time t, 
t- Molar oxtinctlon coefficient of Pe(CN),0H^" at 395 nm, 

Kbaa ’ "'r h^TerxS V - Em. 

Th« rato constmts obtained from the plots of the left 
hftnd side of equation (3) vs t are given in Table vx. 3. . 


Table VI, 3, Kin© tics of reaction between fe(CN)50H and SDTA 

[F©CCN)gOH 5 X 101?, [eDTA]^- 0.1M-0.5M, 

pH ■ 10,5, I » 0,5M, temp,s=30°C, 


KiSRaiMi 

^ 

10 * ’'ibed'"® 

llllllllllllll^^ 

0 • 1 ■ ' 

■■ R- ' 

1.5 

0.25 

3.6 

1.44 

■ 0.4 \ : 

6.1 

1.52 
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A r.!w kinotlo nms ™re also taken for the reaction 
hetw.-...„ LVCO.),;- .md edTA taken to large excess, contrary to 
expect. .t inn un the criteria of stability constants, 

(lug for Pe(Q,)3-, ^he rate of 

thltt reaction is quite fast, it was also found that the rate is 
first orrtnr to Po(Ql)|- and first order to EDTA, second order 
ov<*r. rtU,. Thw rat© constants calculated on this basis. from a 
f'«w kliioi.ic nma ,are given later in Table Vl.5 . This reaction 
wes not I'Uisyetl further because the reaction is mainly a redox 
roection rnthur than a substitution one. The products of this 
reaction according to an earlier study^'^ are Fe(CN) t" and the 

■ O 

oxidation products of EDTA* 

VI *7 l‘f fact of ttmperature on different reactions occurino in 

Activation parameters have been calculated from the 
Arrhenius plots in the temperature range 25-40°c for the reaction 
taetwoan FoYCOH)^* and cyanide ion and have also been calculated 
for the reaction between Fe(CH) gCOH) and cyanide ion. These 
are iiivon lr» Table VI, 4. Activation parameters for the oxidation 
reduct.lon roactlm between Pe(CN) g and Y based on an 
earlier otudy'^bave been Incltjuled in Table VI, 4. for the sake of 
corral lot, on tie « , 
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T<>\b^C VI. 4, Activation paramers for different reactions 
occuning in the whole reaction system^^^^vi^ 


2"' 

roY(DH) + ‘3 C34‘ 


S'* 4_ 

Fe(CN)t.(OH) + y 


10,7 kcal 


- 10,1 kcal 


• '*•32,3 ©*u, 

- 5.8 X 10^ cm*^ 


b, Fo(CN)-(OH) 4- m' 


Fe(CN) g + 0H“ 


• 7,3 kcal 


■ 6,7 kcal 


■ '*52,4 6,Ui 


2.6 X 10^ cm""^ 


+ EDTA 


Fe(CN)g + Oxidation Products of EDTA 


m 17,2 kcaJL 


■ 16,6 kcal 


m 6,8 a,u» 


• 1.9 X 10 my 


* From Kaf • ( 17 ) • 
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VJ t)t;;cur.s2(.?N 

■rh« .iMx-rlmenta observations and analysis o£ data for 
lorw,u<l -«,,1 baokwarti reactions are compatible with the mechanism 
alvon below from aquatlons4-8 (charges have been omitted for 

sake ot clarity). ■ \ 


^•*@Y^OH) + CN" 
F«iY(OH) (CN) + CN“ 



FoYCOH) 



roY(OH) (CN)^ 
F^Y(OH) (CN)^ 


y| 

+ CN*“ i-i 

TTc 

+ CN" 


PeY(OH)CN ..fast ( 4 ) 
PeY(0H)(CN)2 ..fast (5) 
PeY( 0 H)(CN )3 ..fast (6) 
FeY(9H){CN)^ ..rds (7) 
Pe(CN)gOH + Y ..fast (8) 


The Inverse first ordard^endence in cyanide for the reverse 

3 «» ' ' ' ' 

reaction# whan Fe{Oi)gOH is the reactant, enables one to pin- 
point the fate determining step as the fourth one (equation 7), 

The vai la)»l 0 onler depaidance in cyanide for the forward reaction 
which Chilean f rem on® to three coupled with the ^ove observation 
lwad» tc^ t)»e proposition that the first step is very fast and a 
lilil FoY{OH)CN intermediate is formed Instantaneously and the 
la nuiflciently stable also. Similar proposition for the 
rapid foimatlonof hUl hepta coordinated Intermediates was also 
envinagtod toy Margtrum^ and Hacrm et al'» ^iJ® studying the 
exchange of CyOTA on CoClDCyfim mi 
The rate of oovlete' 


with (M 
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to „lve Kc(CN) 50 h 3 - is slew. Thr^s cyanides react with this 
Inthrmcdiato (obtained m equation 4) to produce PeY(cn) (oh) 
in the rate determining step, giving rise to the observed third 
order dependence In cyanide at low cyanide concentrations. As 
the concentration of cyanide Increases, the reactants 
feYCcN)j,OH or FoYCQDjOH, which accounts for the observed second 
find tirzit otdor dependances in cyanide respectively, a fourth 
ordiir dependGnee could be observed if the reactant was PeY ( oh) 
and not Pi3y(DH)CN as proposed, We failed to see this because at 
still lower concentrations of cyanide where PeY (OH) may become a 
reactant# the reaction rate becomes too slow for dependable 
measurements. 

In Fig VI, 2 two typical plots of log(Ao^ — A.^) vs t under 
pseudo first order conditions ( [cyanide] = .025M and O.iSM# 
[peYCOH)] ^ 5 X I • 0,5M (NaClO^)# terrp, = 25°C and 

pH m 10,5) followed at 395 nm are shown. Distinct deviations 
from lino arty wore observed at various cyanide concentrations. 
Interofltingly the deviaticais in pseudo first order plots were 
found tjj be negative in case of low cyanide and positive at high 
cyiinid© fjoncent rations* This observation led to the conclusion 
that these deviations are not due to reversibility but are due 
to tha fact that aome other reaction involving cyanide is also 
going on in the system. The choices ,of reversibility to be 

remote du© to higher stability. of cyimo coiriilexes and large 
excess of cyanide present in syst^*.' 



log (A 



t (mfei.) ► 

Fig, VI 2 Pseudo first order plots for the reaction of Fe(EbTA)OH 
with cyanide Ion. ' ^ ^ 

[Fe(E0TA)0H] « SxICT^ temp.iis^C and 
U0-25M (NaClOi). V.-;. 

(A) [CN^y. .(WSM, |CN^J,|S|| 
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The time scan of this reaction on Cary 17D is showi in 
Pig. VI. 3. Prom this figure it is clear that there is a conti- 
nuous increase in the peak height of Pe(CN)gOH^“ (395 nm) in the 
begin ing of reaction but when sufficiently high concentration of 
(■^95% of theoretical value) pentacyanohydroxof errate ( III) is 
bull tup the same starts converting to Pe(CN)g“. The lowering 

of peak at 395 nm with a shift towards 410-420 nm ( A region 

max ■ 

of Fe(GN)g ) region confirms this inference. Finally/ there is 
a decrease in height of this peak also and with time all peaks 
in visible region of spectrum almost vanish. 

3 '^ ' 

These observations lead to the conclusion that Fe(CN)gOH 
is not the final product of this reaction and tl^at the total 
reaction of PeY(OH) with excess cyanide can be divided into 3 
distinguishable parts 

■3- ■ ■ 2- 

(a) Formation of Fe(GN) ^COH)-^ from FeY(OH) 

(b) Conversion of Fe(CN) 5 (OH) to Pe(CN) g” 

(c) Reduction of Fe(CN)g" to Fe(CN)g” due to reaction 
- with EDTA. 

The appearance of three isosbes tic points (Fig. VI. 3) in 

• .i , f 'K, ■' '■ 

time scan spectra during course of reaction also confirms that 

the above said reactions are taking place at different stages 

of progess of reaction. The first isosbestic point at 350 nm 

indicates the equilibrium between FeY( OH) and Fe(CN) ^OH , The 

■ 3— ' 

second stage of reaction is the conversion of Pe(as) ^OH to 

Pe(CN)?"* which is distinct from the first stage and the appearance 

' . o . 




250 300 350 400 450 500 550 600 

WAVELENGTH, nm 

Fig. VI -3 Rapid scan of the reaction mixture during a typical kinetic run at 30*e, [Fe(EDTA)0H]=5xiC 
icN']=0-15M, pH=10-5, 140-25M (NaeiO*) 
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Of a «ocond isoabestic point at 330 


nm indicates an equilibrium 


botwtifsn those two soeciea mr.*-, 

ww apocies. Two new peaKs at 257 and 309 nm also 

Show t.,u fomatlon of at the sane time, it Is intexes- 

tln.j that a new low absoiptlon bemd appears in later stage of 

roaotion in 510-570 nm region. This is due to formation of 

PBjCOT) of I'ej(ai)^Q = 568 nm, e = isoOM^i"^ in very 

amall concentration due to dlmerisatlon of FeCcNjgOH^". a soil 

ot this saine region at higher saisitivity of the instrument 

showtKl a small but not insignificant increase in absorption <j hi e 

to thu £o mat Ion of the dimer. This also decays, however, due to 

uitimato eonvorsion into PeCCN)^*", 

6 ■ 


The spectroscopic evideoice for reduction of PeCCN)^" td 
F©{CN)g* is provided by presoice of a third new isosbestic at 
276 nm. There is a continual decrease of absorbance at 304 ruii 
region C of along with a matching increase 

in i^sorbance at wavelength below 276 nm ( of Fe(CN)g” at 

26S nm# log «■ 2,3)^®, 


Alkaline hexacyanoferrateClII) is known to be a potoitial 
oxidising agent^® and oxidation of some chelating agents like 
EDTA# lOA etc. by alkaline hexacyanoferrate(lll) has been reported 
earlier by Liwbert et al. . The products of oxidation- reduction 
reactions wire analyfed by them md shown t© be FetoDg , ida and 
glycollic acid in case of EDTA. They aXeo reported that the 
presence of cyanide Increases tl» '-c^datlbn ^ rate, 4 moles of 
f 0(01) are used per stole ot M ^’"peaction. in our. 



«y«t«m a 10% excess of EDTA over stolchlometrlo amount has been 

taken t.o nnaurn complete fomatlon of PeY(OH) complex. Thus 

t.hu of. EDl’A can not be oxidised, even if all FeCcN)^" is 

up in the reaction, a positive qualitative test for the 

presence of Pe(CN)^' (ammonium molybydate test^^) at the and 

e neqatiVQ test in the beglning of reaction confirms that the 

oxidation of EDTA by ferrlcyanide formed during the second stage of 

reart icm does take place. The quoititative estimation of Pe(CN) i"in 

6 

pros once of Pe(CN)g was done by titration with deric aramonium- 

iiulphate using Perro±ibut cexisurrption of Ce(IV) was always 

found to be higher than the expected value. This appears to be 

due to oxidation of the remaining unconsumed EDTA and IDA (which 

3 -. 21 

la on® of the products of Pe(CN)g - EDTA reaction) by Ce(iv) 

This consuifptian is less at a time when no ferro cyanide is formed 
in th« systeffii. 

The rat# constants for the three different stages of the 
reaction are givm in Table VI,5. The higher rate of reaction 
of EDTA with P 0 (QJ)g* as the starting reactant may be due to 
much greater extent of oxidation reaction conpared to the 
substituti« reacticai. 


Tabl® VI* 5* Rate constants for various stages of reaction 

(D* 

it^ • a.iJ .* lo”" 
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(2)^ Fo(CN),.OH^“ 4- EDTA ^ 

^5^ “ (1.46 + .07) X 10“^ •. 'S“^ 

CIO® FC5{CN)^(0H)^" + CN"" 

3.83 X 10~'^ 

(4)^ PoCCN)^* •}■ EDTa '^'" (oxidation) 

4.8 X 10**^ 

★ 

1.05X 10-^ 


ia.^iiMiaiiByi,,saaaJAl9aa 

(a) Lf®YOh] • 5 X 10"V pH = 10;5, I = 0.25M (NaClO^) 

t@fnp. ■ 25°C» 

(b) [P®(CN)gOH] ■ 5 X [EDTa] « 0,1-0. 5M, pH = 10.5, 

I ■ 0.5M, tmp» - 30°C. 

(c) Same .as in (a) 

Cd) [P®(CN) X 10"“^M, [EDTa]=s (2. 5-7.5) x lO'^M, 

pH ■ 10.5# I ■ 0.25M (NaClO^), temp. = 25°C 

* Taken from Ref. (17) at pH = 12.7# i s 0,45# temp, = 30 c. 


Pinaliy the sequence of three stages of reaction may be 

written dowi as 

FeY(OH)^*" + 5 Qi" 


^ Fe(CN)^0H^* + 


(9) 


(through equations 4-8) 


FeCoDgOr* + Of 


(10) 


4 Pe«»)g" + 


fix OH 

J' ....... 

products of 
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To the beat of our knowledge this is the first detailed 
raport un a ligand exchange process in an aminocarboxylate 
complex of iron (III) involving reaction with cyanide ions* 
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CHAPTER VTT 


SUMMARY OP WRK AND SUGGESTIONS 
J'OR PURTPiER INVESTIGATIONS 


aUHMARY 

Th® first chapter of the thesis presents a brief survey 
Of th® ligand subatitution reactions of metal complexes in 
g«n®ral and nickel (II) coirplexes in particular. Some space is 
d@vot®d to tho formation of ternary chelates and to the role of 
solvents in subs titutice reactions, 

Th© second chapter deals with the reaction of a binuclear 
nickel ( II) chelate# NI2EQTA# with cyanide ion. Kinetic results 
show that the reaction proceeds by two paths: a cyanide indepoidont 
path at Cc3^ 3 below 10 in which the binuclear ccmplex disso- 
ciates to NIL and ® cyanide assisted dissociatic»a 

of Nigh finally leading bo the fosaaticm Nl(CN)^“ M bo^th cases, 

Chi^ter three deals with the reaotion of 'two bis ccmpiexes 

L is dien and en. 


of nickel (ID# Nihg# with cymida/l^* 


A slow self dissociation of 

"'■v- 


assisted dissociation of 
has been established# 
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The fourth chapter of the thesis includes results on 
invontigntlonsof the reaction of heedta and wpa with Ni (Tries 
ruoultiny in the formation of NiHEEDll’and NiOTPA^’ respectively. 
A stepwise unwr^ping of trien and successive formation of amino- 
carboxylate bonds with nickel is involved. The effect of tenpera. 
turc and pH is also investigated and used to elucidate the 
moch-aniam. 


Thtt fifth chapter deals with the fomatidn of Ni(Par), 

'A ' 

(Par ■4(2-pyridfiazok‘0sorolnol) from Ni(Trien) and Ni(Tet) ^'^. 
im intwrostlng feature of these reactions is the formation of 
stable ternary mixed ligand ccaiplexes, Ni(Polyamine) (Par) ^ which 
undergo alow unwr«C>ping of polyamine and give Ni (Par) 2- The 
effect of pH and taptperature on the foimation and dissociation 
of mixed ligand complexes has also been discussed. 


The sixth chapter describes the reaction of ethyl ene- 
diatTtln©t0traac©tato(hydroxo) ferrate(lll) with cyanide ion^ 
This reaction j^pears to be quite complicated. The interesting 
feature of the reaction is the conversion of PeY(OH) to 


Pfi(C3M)^* via a three stage consecutive reaction sequaice in 
which FeV{OH) is first converted in a five step process to 


feCCN) - (OH) 


then to Fe(CN)g* and finally to Pe(CN)^. Rate 


constants for all the steps hare been 


Th® pressnt and the 


a sximmary of the 


who I e thes is is ugges t iw 






i^'-are discussed 


now onwards. 
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.^M.gg,^3t;.,ions fo r the further wnrv 

It is folt that the Investigations can be extended to 
many now wsystom some of which are enumerated below: 


I, TO study the reaction of CN“ ion with some binuclear 
nickel(II) chelates such as Ni^TPHA (where TPHA is tetraethylene- 
puntaamineh^taacetic acid) in order to elicit further support for 
thu mechanism proposed herein. 


II* ro study the reaction of CN ion with mono and binuclear 
nlckoldl) coft^lexes of biologically inportant macromolecules, 

III, To study the kinetics of exchange reactions of some bis comp— 
lexos of nidcaK II) and polyaanineswlth other multidentate ligands. 


IV, To study the reaction of some binuclear coirplexes of Ni(ii) 


with other multidontate ligands, 

V, To study the kinetics of some bis and binuclear complexes 

of nickoKlI) with some biologically irportant metal ions like 
and Cd^'*’ etc. 


VI. TO carry out kinetic study of the reaction of some 
aminocarboxyiato ccwplexes of Iron(lll) with cn ion. 

VII. To undertake kinetic study of the reaction of ccxtplexes 
of some macromoleculea of Iron (III) with cyanide' ®id other 
multidentate ligands. 


Vlll, TO explore the pof .of., ^ 


reactions as a kinetic .tool J 
and ligvtds# 


stibs titut ion 
(n of metal 
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IX. sometimes observation of solvent effects on the rate of 

ro. lot, Ion becomes a good tool for formulating a mechanistic 

scheme, particularly m the formation of ternary chelates, 

whore solvent plays a vital role In the formation of an oulere 

sphere cosgilex end its exchange with an incoming ligand, it 

is proposed to study the formatlcm of ternary conplexes between 
binary nleXel(polyamlne) cotiplexes and Par in different solvent 
modln viz. CH3OH, OjHjOH, DMSO, and DMT etc. to give further 
support for the hypothesis proposed so far. 


X. To investigate soma exchange reactions on aminocarboxylato 
ruthoniumdll) complexes with CM" ion to compare their behavior 

with the roactiCMni of matal chelates studied earlier. 




